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FOREWORD 


The Annual Typhoon Report is prepared 
by the staff of the Joint Typhoon Warning 
Center (JTWC). JTWC is a combined USAF/USN 
entity operating under the command of the 
U. S. Fleet Weather Central, Guam. The 
senior Air Force officer assigned is desig- 
nated as Director, JTWC and is responsible 
to the Commanding Officer, U. S. Fleet 
Weather Central, Guam for the operation of 
the JTWC. The senior Naval Officer of the 
JTWC is designated as the Deputy Director/ 
Operations Officer. The JTWC was estab- 
lished by CINCPACFLT message 2802082 April 
1959 when directed by CINCPAC message 
2302332 April 1959. Its operation is guided 
by the CINCPACINST 3140.1 (series). 


The Fleet Weather Central/Joint Typhoon 
Warning Center, Guam has the responsibility 
to: 


1. Provide continuous meteoro- 
logical watch of all tropical activity north 
of the equator, west of the Date Line, and 
east of the African coast (JTWC area of 
responsibility) for potential tropical 
cyclone development; 


2. Provide warnings for all sig- 
nificant tropical cyclones in the assigned 
area of responsibility; 


3. Determine tropical cyclone 
reconnaissance requirements and assign 
priorities; 


4. Conduct an annual post 
analysis of all tropical cyclones occurring 
within the area north of the equator from 
140W west to the coast of Africa and prepare 
an Annual Typhoon Report for issuance to 
interested agencies; and 


5. Conduct tropical cyclone fore- 
casting and detection research as practi- 
cable. 


In the event of incapacitation of the 
JTWC, the alternate (AJTWC) assumes the 
responsibility for the issuance of warnings. 
The U. S. Fleet Weather Central, Pear) 
Harbor, Hawaii is designated as the AJTWC. 
Assistance in determining tropical cyclone 
reconnaissance requirements and in obtaining 
reconnaissance data is provided by Detach- 
ment 4, lst Weather Wing, Hickam AFB, Hawaii. 


The Central Pacific Hurricane Center, 
(CPHC) Honolulu, Hawaii is manned by per- 
sonnel of the U. S. National Weather Service 
who are responsible for the issuance of 
tropical cyclone warnings for the area north 
of the equator from the Date Line east to 
140W. Warnings are issued in coordination 
with the U. S. Fleet Weather Central, Pearl 
Harbor and Detachment 4, 1WW, Hickam AFB, 
Hawaii. Post analysis information is for- 
warded to the JTWC for inclusion in the 
Annual Typhoon Report. 


The meteorological services of the 
United States are planning to implement the 
metric system of measurement over the next 
few years. Some civilian and military 
agencies have started the education program 
by showing the metric equivalents to current 
units of measure. This Annual Typhoon 
Report includes metric equivalents to most 
measures. 

Unless otherwise stated all satellite 
data used in this ATR are Air Force Weather 
Service DMSP Data as acquired by OL-C, 27CS 
personnel and analyzed by Det 1, 1WW per- 
sonnel colocated with the JTWC at Nimitz 
Hill, Guam. 
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CHAPTER | — OPERATIONAL PROCEDURES 


1. GENERAL 


Routine services provided by the Joint 
Typhoon Warning Center (JTWC) include the 
following: (1) Significant Tropical Weather 
Advisories issued daily describing all tropi- 
cal disturbances and their potential for 
further develooment; (2) Tropical Cyclone 
Formation Alerts issued whenever interpre~ 
tation of satellite and synoptic data indi- 
cates likely formation of a significant 
tropical cyclone; (3) Tropical Cyclone Warn- 
ings issued four times daily whenever a 
significant tropical cyclone exists in the 
Pacific area; (4) Tropical Cyclone Warnings 
issued twice daily whenever a significant 
tropical cyclone exists in the Indian Ocean 
area; and (5) Prognostic Reasoning messages 
issued twice daily for tropical storms and 
typhoons in the Pacific area. 


JTWC responds to changing requirements 
of activities serviced. Therefore, contents 
of routine services are subject to change 
from year to year usually as a result of the 
Annual Tropical Cyclone Conference delibera- 
tions. 


2. DATA SOURCES 
a. COMPUTER PRODUCTS: 


FLEWEACEN Guam provides computerized 
meteorological/oceanographic products for 
JTwc. In addition, the standard array of 
synoptic-scale computer analyses and proqg- 
nostic charts are available from the Fleet 
Numerical Weather Central (FNWC) at Monterey, 
California via FLEWEACEN Guam. With the 
installation of the Naval Environmental Dis- 
play Stations (NEDS) during 1978, JTWC now 
has very timely access to necessary FNWC 
products and is thereby able to more effi- 
ciently and effectively use this information. 


b. CONVENTIONAL DATA: 


Conventional meteorological data are 
defined as surface and upper air observations 
from island, ship and land stations plus 
weather observations from commercial and 
military aircraft (AIREPS). Computer plotted 
charts of 00002 and 12002 conventional data 
are produced daily for the surface, 700 mb, 
and 500 mb levels. A chart of upper air data 
is produced which utilizes 200 mb rawinsonde 
data and AIREPS above 29,000 ft within 6 
hours of the 00002 and 12002 synoptic times. 


¢. AIRCRAFT RECONNAISSANCE: 


Aircraft weather reconnaissance data 
are invaluable in the positioning of centers 
of developing systems and essential for the 
accurate determination of the eye/center, 
maximum intensity, minimum sea-level pressure 
and radius of sicnificant winds exhibited by 
tropical cyclones. Winds and pressure height 
data at the 500 and/or 400 mb level, provided 
by reconnaissance aircraft while enroute to, 
or returning from, fix missions, is also used 


to supplement the sparse data in the tropics 
and subtropics. These data are plotted on 
large-scale sectional charts for each mission 
flown. A comprehensive discussion of air- 
craft weather reconnaissance is presented in 
Chapter ITI, 


dad. SATELLITE RECONNAISSANCE: 


Meteorological satellite data from 
the Defense Meteorological Satellite Program 
(DMSP) and the National Oceanic and Atmo- 
spheric Administration played a major role 
in the early detection and tracking of tropi- 
eal cyclones in 1978. A discussion of this 
role is presented in Chapter IT. 


e. RADAR RECONNAISSANCE: 


During 1978, as in recent years, land 
radar coverage was utilized extensively when 
available. Once a storm moved within the 
range of a land radar site, reports were 
usually received hourly. Use of radar during 
1978 is discussed in Chapter II. 


3. COMMUNICATIONS 


a. FWC/JTWC currently has access to 
tnree primary communications circuits: 


(1) The Automated Digital Network 
{(AUTODIN) is used for dissemination of warn- 
ings and other related bulletins to Depart- 
ment of Defense installations. These 
messages are relayed for further transmission 
over U. S. Navy Fleet Broadcasts, U. S. Coast 
Guard CW (continuous wave morse code) and 
voice communications. Inbound message traf- 
fic for JTWC is received via AUTODIN addres- 
sed to FLEWEACEN GUAM, 


(2) The Air Force Automated Weather 
Network (AWN) provides necessary weather data 
to JTWC through a dedicated circuit from the 
automated digital weather switch (ADWS) at 
Clark AB, R.P. The ADWS selects and routes 
the large volume of meteorological reports 
necessary to satisfy JTWC requirements for 
the right data at the right time. Weather 
bulletins prepared by JTWC are inserted into 
the AWN circuit by the Nimitz Hill Naval 
Telecommunications Center (NTCC) of the Naval 
Communications Area Master Station Western 
Pacific. 


(3) The Naval Environmental Data 
Network (NEDN) connects FWC/JTWC with the 
computers at FNWC, FWC/JTWC is able to both 
receive environmental data from FNWC and 
access the computers directly to run various 
programs, 


b. Besides providing forecasters with 
the ability to rapidly access computer pro- 
ducts from FNWC, the NEDS has recently be- 
come the backbone of the FWC/JTWC communi - 
cations system. AUTODIN and AWN message 
tapes can now be prepared by JTWC personnel 
for insertion into the AUTODIN and AWN cir- 
cuits by the NTCC. The NEDS is also used by 
the TDO to request forecast aids which are 


a 


processed by the computers at FNWC Monterey 
and transmitted back to the TDO over the NEDN 
eircuit. 


4. ANALYSES 


A composite surface/gradient level (3000 
ft) manual analysis is accomplished on the 
00002 and 12002 conventional data. Analysis 
of the wind field using streamlines is 
stressed for tropical and subtropical 
regions. Analysis of the pressure field is 
stressed for higher latitudes and in the 
vicinity of tropical cyclones. 


Manual analysis of the 500 mb level is 
accomplished on the 00002 and 12002 cata 
when significant tropical cyclones exist. 
Although tie analysis of the 500 mb height 
field is scressed, analysis of the wind 
field to more clearly delineate steering 
currents is equally important. 


A composite upper-tropospheric manual 
analysis, utilizing rawinsonde data from 
300 mb through 100 mb, wind directions ex- 
tracted from satellite data by Det 1, 1W 
and AIREPS (plus or minus 6 hours) at or 
above 259,900 feet is accomplished on 00002 
and 12002 data daily. Wind and height data 
are used to arrive at 4 representative 
analysis of tropical cyclone outflow pat- 
terns, of steering currents and of areas 
that may indicate tropical cyclone intensity 
change. All charts are hand plotted over 
areas of tropical cyclone activity, te pro- 
vide all available data as soon as possible, 
to the TDO, and then augmented by the com- 
puter plotted charts for the final analyses. 


Additional sectional charts at inter- 
mediate synoptic times and auxiliary charts 
such as checkerboard diagrams and pressure 
change charts are als walyzed during 
periods of significant pical cyclone 
activity. 


5. FORECAST AIDS 
a. CLIMATOLOGY: 


Climatological publications utilized 
during the 1978 typhoon season include pre- 
vious JTWC Annual Typhoon Reports and clima- 
tic publications from Fleet Weather Central, 
Guam, Naval Environmental Prediction 
Research Facility, Naval Postgraduate School, 
Air Weather Service, First Weather Wing and 
Chanute Technical Training Center, plus 
publications from other Air Force and Navy 
activities, various universities and foreign 
countries. 


b. OBJECTIVE TECHNIQUES: 

The following objective tecniques 
were employed in tropical cyclone forecasting 
during 1978. A description of these tech- 
niques is presented in Chapter IV. 

(1) TYFN75 

(2) MOHATT 700/500 

(3) FCSTINST 


(4) 12 HR EXTRAPOLATION 


(5) CLIMATOLOGY 
(6) HPAC 
(7) TROPICAL CYCLONE MODEL 
(8) INJAH74 
(9) CYCLOPS 
(10) TYAN78 
6. FORECASTING PROCEDURES 
a. INITIALIZATION: 


In the preparation of each warning, 
the actual surface location (fix) of *he 
tropical cyclone eye/center just prior to 
(within three hours of) warning time is of 
prime importance. JTWC uses the Selective 
Reconnaissance Progr: (SRP) to levy an 
optimum mix of aircraft, satellite and radar 
resources to obtain fix information. When 
tropical cyclones are either poorly defined 
or the actual surface location cannot be 
determined, or when conflicting fix infor- 
mation is received, the "best estimate" of 
the surface location is subjectively deter- 
mined from the analysis of all available 
data. If fix data is not available due to 
reconnaissance platform malfunctions or 
communication problems, synoptic data or 
extrapolation from previous fixes is used. 
The initial forecast (warning time) position 
is then obtained by extrapolation using the 
current fix and a “best track" of the 
cyclone movement to date. 


b. TRACK FORECASTING: 


An initial forecast track is devel- 
oped based on the previous forecast and the 
objective techniques. This initial track 
is subjectively modified based on the fol- 
lowing: 


(1) The prospects for recurvature 
are evaluated for all westward and northward 
moving storms. This evaluation is based 
primarily on present and forecast position 
and amplitude of middle tropospheric mid- 
latitude troughs from the latest 500 mb 
analysis and numerical prognoses. 


(2) Determination of steering level 
is partly influenced by maturity and verti- 
cal extent of the system. For mature storms 
located south of the 500 mb subtropical 
ridge, forecast changes in speed of movement 
are closely correlated with forecast changes 
in the intensity of the ridge. When steer- 
ing currents are very weak, the tendency for 
cyclones to move northward due to their in- 
ternal forces is an important consideration. 


(3) The proximity of the tropical 
cyclone to other tropical cyclones is 
evaluated to determine if there is a possi- 
bility of Fujiwhara interaction. 


(4) Over the 12- to 72-hr forecast 
spectrum; speed of movement during the early 
time frame is biased toward persistence (12 
hr extrapolation) while that near the end of 
the time frame is biased towards objective 
techniques and climatology. 


fi 


(5) A final check is made against 
climatology to ascertain the likelihood of 
the forecast track. If the forecast devi- 
ates greatly from climatology, the forecast 
rationale is reappraised and the track ad- 
justed as necessary, 


c. INTENSITY -PORECASTING: 


In forecasting intensity, heavy 
reliance is placed on aircraft reconnais~ 
sance reports, the Dvorak satellite inter- 
pretation model, wind and pressure data from 
ships and land stations in the vicinity of 
the cyclone, and the objective techniques, 
Additional considerations are the position 
and intensity of the tropical upper-tropo- 
spheric trough (TUTT), extent and intensity 
of upper-level outflow, sea surface tempera- 
ture, terrain influences, speed of movement 
and proximity to an extratropical environ- 
ment, 


7, WARNINGS 


Tropical cyclone warnings are issued when 
a definite closed circulation is evident and 
maximum sustained wind speeds are forecast to 
increase to 34 or more knots within 48 how's, 
or the cyclone is in such a position that 
life or property may be endangered within 72 
hours. Warnings are also issued in other 
Situations if it is determined that there is 
a need to alert military and civil interests 
to conditions which may become hazardous in 
a short period of time. Each tropical 
cyclone warning is numbered sequentially and 
includes the initial warning time, eye/cen- 
ter position, intensity, the radial extent 
of 30, 50 and 100 knot surface winds (when 
applicable), the levied fix position used, 
the instantaneous speed and direction of 
movement of the cyclone's surface center at 
warning time and the forecast information. 
The forecast intervals for all tropical 
cyclones, regardless of intensity, are 1l2-, 
24-, 48- and 72-hr. Warnings within the JTWC 
Pacific area are issued within two hours of 
0000, O600%, 12002 and 18002 with the con- 
straint that two consecutive warnings may 
not be more than seven hours apart. Warnings 
in the JTWC Indian Ocean area are issued 
within two hours of 08002 and 20002 with the 
constraint that two consecutive warnings may 
not be more than fourteen hours apart. These 
variable warning times allow for maximum use 
of all available reconnaissance platforms and 
more effectively distribute the workload in 
multiple storm situations, If warnings are 
discontinued and a cyclone reintensifies, 
warnings are numbered consecutively from the 
last warning issued. Warning forecast posi- 


tions are verified agéinst the corresponding 
post analysis “best track" positions. A 
summary of the verification results for 1978 
is presented in Chapter IV, 


8. PROGNOSTIC REASONING MESSAGE 


In the Pacific Area, prognostic reasoning 
messages are transmitted based on the 00002 
and 1200% warnings or whenever the previous 
reasoning is no longer valid. This plain 
language message is intended to provide field 
meteorologists with the reasoning behind the 
latest JTWC forecast. Prognostic reasoning 
messages are not prepared for tropical 
depressions nor for the cyclones in the 
Indian GCcean area 


For the 1978 season, JTWC included con- 
fidence statements for the 24 and 48-hour 
forecasta. The confidence values were per- 
centage probabilities that the 24-hour fore- 
cast position error would be less than 100 nm 
and less than 150 nm, respectively; and that 
the 48-hour error would be less than 200 nm 
and less than 300 nm, respectively. These 
probabilities were based on objective data 
from error analysis studies of past cyclones 
and were a function of latitude, longitude, 
storm intensity and organization. The fore- 
caster added objective data based on the 
subjective analysis of the synoptic situation 
and the variance in the objective forecast 
aids available. 


Prognostic reasoning information appli- 
eable to all customers is provided in the 
remarks section of warnings when significant 
changes are made or when deemed appropriate. 


9. SIGNIFICANT TROPICAL WEATHER ADVISORY 


This plain language message, summarizing 
significant weather in the entire JTWC area 
of responsibility, is issued by 0600% daily. 
It contains a detailed, non-technical des- 
cription of all significant tropical distur- 
bances and the JTWC evaluation of potential 
for significant tropical cyclone development 
within the 24-hour forecast period, 


10. TROPICAL CYCLONE FORMATION ALERT 


Alerts are issued whenever interpre- 
tation of satellite and other meteorological 
data indicates significant tropical cyclone 
formation is likely. These alerts will 
specify a valid period not to exceed 24 hours 
and must either be cancelled, reissued or 
superseded by a warning prior to expiration 
of the valid veriod, 
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CHAPTER Il = RECONNAISSANCE & FIXES 


1. GENERAL 


The Joint Typhoon Warning Center depends 
on reconnaissance to provide necessary, 
accurate and timely meteorological infor- 
mation in support of each warning. JTWC 
relies primarily on three sources of recon- 
naissance: aircraft, satellite and radar. 
Optimum utilization of all available recon- 
naissance resources is obtained through use 
of the Selective Reconnaissance Program (SRP) 
whereby various factors are considered in 
selecting a specific reconnaissance platform 
for each warning. These factors include: 
cyclone location and intensity, reconnais- 
sance platform capabilities and limitations, 
and the cyclone's threat to life/property 
afloat and asiore. A summary of reconnais- 
sance fixes received during 1978 is included 
in Section 6. 


2. RECONNAISSANCE AVAILABILITY 
a. Aircraft: 


Aircraft weather reconnaissance is 
performed in the JTWC area of responsibility 
by the 54th Weather Reconnaissance Squadron 
(54 WRS). The squadron, presently equipped 
with six WC-130 aircraft, is located at 
Andersen Air Force Base, Guam. From July 
through October, augmentation by the 53rd 
WRS at Keesler Air Force Base, Mississippi 
brings the total number of available aircraft 
to nine. The JTWC reconnaissance require- 
ments are provided daily throughout the year 
to the Tropical Cyclone Aircraft Reconnais- 
sance Coordinator (TCARC). These require- 
ments include area(s) to be investigated, 
tropical cyclone(s) to be fixed, fix times 
and forecast positions of fixes. The follow- 
ing priorities are utilized in acquiring 
meteorological data from aircraft, satellite 
and land-based radar in accordance with 
CINCPACINST 3140.1N: 


"(1) Investigative flights and vor- 
tex or center fixes for each scheduled warn- 
ing in the Pacific area of responsibility. 
One aircraft fix per day of each cyclone of 
tropical storm or typhoon intensity is con- 
sidered the minimum desired. 


(2) Center or vortex fixes for each 
scheduled warning of tropical cyclones in the 
Indian Ocean Area of responsibility. 


(3) Supplementary fixes. 
(4) Synoptic data acquisition." 


As in previous years, aircraft recon- 
naissance provided direct measurements of 
height, temperature, flight-level winds, sea 
level pressure, estimated surface winds (when 
observable) and numerous additional para- 
meters. The meteorological data are gathered 
by the Aerial Reconnaissance Weather Officers 


(ARWO) and dropsonde operators of Detachment 
4, Hq AWS who crew with the 54th. These data 
provide the Typhoon Duty Officer (TDO) indi- 
cations of changing cyclone characteristics, 
radius of cyclone associated winds, and 
present cyclone position and intensity. 
Another important aspect of this data is its 
availability for research in tropical cyclone 
analysis and forecasting. Aircraf \ recon- 
naissance will become even more Ih rtant in 
years to come when high-resolut tropical 
cyclone dynamic steering programs will re- 
quire a dense input of wind and temperature 
data. 


b. Satellite 


Satellite fixes from USAF ground 
sites and USN ships provide day and night 
coverage in the JTWC area of responsibility. 
Interpretation of this satellite imagery pro- 
vides cyclone positions and estimates of 
storm intensities through the Dvorak tech- 
nique (for daytime passes). 


Detachment 1, lst Weather Wing is the 
primary fix site for the western North Paci- 
fic. Both DMSP and NOAA data are received 
and processed. DMSP fix positions received 
at JTWC from the Air Force Global Weather 
Central (AFGWC), Offutt Air Force Base, 
Nebraska were the major source of satellite 
data for the Indian Ocean. GOES fixes were 
also provided by the National Environmental 
Satellite Service, Honolulu, Hawaii for 
tropical cyclones near the dateline. 


c. Radar 


Land radar provides positioning data 
on well developed cyclones when in proximity 
(usually within 175 nm of the radar site) of 
the Republic of the Philippines, Taiwan, 
Hong Kong, Japan, the Republic of Korea, 
Kwajalein, and Guam. 


3. AIRCRAFT RECONNAISSANCE SUMMARY 


During the 1978 tropical cyclone season, 
JTWC levied 290 six-hourly vortex fixes 
(Table 2-1). New storm tracks developed by 
Det 4, AWS and JTWC increased the number of 
supplemental fixes from 4 in 1977 to 149 in 
1978. These tracks require reconnaissance 
aircraft to penetrate a tropical cyclone 
twice on a one-fix mission and three times 
on a two-fix mission; the extra fix is termed 
supplemental. In addition to vortex fixes, 
38 investigative missions were levied (the 
1976-1978 average is 38 invests). Of 1978's 
32 tropical cyclones, investigative missions 
were not flown on nine. 


Reconnaissance effectiveness is summa- 
rized in Table 2-1 using the criteria as set 
forth in CINCPACINST 3140.1N. 


AIRCRAFT RECONNAISSANCE EFFECTIVENESS 


EPPECTIVENESS 


COMPLETED ON TIME 
EARLY 
LATE 

SSED 


, cm «LEVIED VS. MISSED PIXES G# 


LEVIED MISSED PER 


AVERAGE 1965-1970 507 10 
1971 802 61 
1972 624 126 
1973 227 13 
1974 358 30 
1975 217 7 
1976 317 ll 
1977 203 3 
1978 290 2 


NUUN SAN AO 


Orwwouocnwan 


4. SATELLITE RECONNAISSANCE SUMMARY 


The Air Force provides satellite recon- 
naissance support to JTWC using meteorologi- 
cal data from DMSP polar orbiting meteoro- 
logical satellites. 


A network of tactical DMSP sites at 
Nimitz Hill, Guam; Clark AB, Philippines; 
Kadena AB, Japan; Osan AB, Korea; and Hickam 
AFB, tlawaii provides direct readout coverage 
north of the equator from the dateline west 
into the South China Sea. In February 1977, 
the Guam site was modified to acquire very 
high resolution data from the National 
Oceanic and Atmospheric Administration (NOAA) 
satellites. The Hawaii site was modified 
soon thereafter. 


The Air Force Global Weather Central 
(AFGWC) at Offutt AFB, Nebraska, using stored 
data readout, provides satellite reconnais- 
sance over the Indean Ocean and backup for 
the tactical sites in WESTPAC. Det 1, 1WW 
colocated with the JTWC, operates the net- 
work tasking appropriate sites for tropical 
cyclone position reports. 


Satellite positions are assigned 
Position Code Numbers (PCN's) depending on 
the availability of geography for precise 
gridding and the state of the tropical 
cyclone's circulation (Table 2-2). Esti- 
mates of tropical cyclone intensity are ob- 
tained from visual data using the Dvorak 
technique (NOAA Technical Memorandum NESS 45 
and later refinements). 


TABLE 2-2. POSITION CODE NUMBERS 


PCN METHOD OF CENTER DETERMINATION/GRIDDING 


EYE/GEOGRAPHY 
EYE/EPHEMERIS 

WELL DEFINED CC/GEOGRAPHY 
WELL DEFINED CC/EPHEMERIS 
POORLY DEFINED CC/GEOGRAPHY 
POORLY DEFINED CC/EPHEMERIS 


CC=Circulation Center 


Availability of satellite data enabled 
JTWC to effectively use satellite reconnais- 
sance through the Selective Reconnaissance. 
Program (SRP). During the 1978 season over 
1900 satellite fixes were made on unnumbered 
as well as numbered tropical cyclones in 
WESTPAC. 


By uSing a dual-site tasking concept 
which requires at least two separate DMSP 
sites to make each JTWC levied tropical 
cyclone fix, satellite reconnaissance reli- 
ability in meeting JTWC's fix requirements 
was 96%. Most missed fixes were due to an 
unreliable late morning/late evening satel- 
lite. Because of this satellite's unreli- 
ability, aircraft reconnaissance routinely 
supported 06002 and 18002 warnings with radar 
and NOAA-5 satellite data also being used on 
occasion. Use of the NOAA-5 satellite for 
fixing tropical cyclones ended in September 
1978 when the satellite became too unstable 
for accurate positioning. 


A comparison of satellite derived posi- 
tions and the JTWC Best Track positions is 
included in Table 2-3. The relative accura- 
cies of satellite positions can be obtained 
from this table, 


TABLE 2-3. MEAN DEVIATIONS (NM) OF OMSP DERIVED TROPICAL CYCLONE 
POSITIONS FROM JIWC BEST TRACK POSITIONS, 1974-1978 (ALL SITES). 
NUMBER OF CASES SHOWN IN PARENTHESIS. 


1974 
(ALL SITES) 


13.6 (224) 
17.4 ( 37) 
20.1 (422) 
23.9 (70) 
35.4 (342) 
49.4 (108) 


14.2 (261) 
20.6 (492) 
38.8 (450) 


1977 1978 
(ALL SITES) (ALL SITES) 


15.7 (134) 13.8 (189) 
19.1 ( 47) 16.0 ( 95) 
22.4 (141) 21.9 (353) 
30.0 ( 75) 21.8 (156) 
37.7 (357) 38.1 (571) 
40.9 (247) 50.5 (370) 


(181) (284) 
(216) +9 (509) 
(604) +0 (941) 


eee 


FL A NT 


Satellite derived fixes were also ob- 
tained from: USN ships equipped for DMSF or 
TIROS-N/NOAA APT direct readout; the National 
Environmental Satellite Service using NOAA 
and GOES data; and Fleet Weather Facility 
(FLEWEAFAC), Suitland, Maryland using stored 
NOAA and DMSP data. This information was 
invaluable to the warning service. Since 
these were secondary sources, they were not 
included in statistics. 


5. RADAR RECONNAISSANCE SUMMARY 


Fifteen of the 32 significant tropical 
eyclones occurring over the western North 
Pacific during 1978 passed within range of 
land based radars with sufficient cloud 
pattern crganization to be fixed. The 
hourly and oftentimes, half-hourly land 
radar fixes that were obtained and trans- 
mitted to JTWC totaled 848. A percentage 
breakdown by country is as follows: 
Japan-Ryukyu Islands 62%, Republic of the 
Philippines 18%, Hong Kong 8%, Guam (U.S.) 
7%, and Taiwan 4%. 


TABLE 2-4. FIX PLATFORN SUMMARY 


The WMO radar code defines three cate- 
gories of accuracy: good (within 10 km 
(5.4 mm)), fair (within 10-30 km (5.4-16.2 
nm)) and poor (within 30-50 km (16.2-27 nm)). 
This year 308 radar fixes were coded in this 
manner; 49% were good, 20% fair and 31% poor. 
Compared to the JTWC best track, the mean 
vector deviation for land radar sites was 
13 nm (24 km). 


© PIX POSITIONS QUOTED WERE ONLY THOSE WHRRE A SPECIFIC LATITUDE AND LONGITUDE WERE GIVEN, 


Of the 15 tropical cyclones which were 
monitored with radar, 10 were typhoons 


(Olive, Virginia, Wendy, Carmen, Elaine, TIME (Z) - GMT time in day, hours and 
Faye, Irma, Lola, Ora and Rita). These 10 minutes 

typhoons accounted for 74% of all radar fixes FIX POSITION - Latitude and longitude to 
received this season. Excellent support the nearest tenth of a degree 


through timely and accurate radar fix posi-~ 
tioning allowed JTWC to track and forecast 
tropical cyclone movement through even the Depending upon the category, the remainder 
most difficult and erractic tracks. of the format varies as follows: 


The 54 WRS made four radar center fixes a. Satellite 


from their WC-130 aircraft when actual 

penetration was restricted. One aircraft (1) ACCRY - Position Code Number 
radar fix of TC 20-78 when over the Arabian (PCN) (See Sec. 5). The accuracy for FWF 
Sea was relayed to JTWC from Diego Garcia. Suitland fix positions are given as confi- 
No ship radar center fixes were received dence numbers (CONF) (See Table 2-5 for 
during 1978. details). 


6. TROPICAL CYCLONE FIX DATA 
(2) DVORAK CODE - Intensity evalua- 


A total of 3172 fixes on 32 northwest tion and trend utilizing DMSP visual satel- 
Pacific tropical cyclones and 117 fixes on lite data. 
four northern Indian Ocean tropical cyclones 
were received at JTWC. Table 2-4, Fix Plat- 
form Summary, delineates the number of fixes & 
per platform for each individual tropical = 
) 
2 


cyclone. Season totals and percentages are 
also indicated. 


Annex B is an output of program PRNTFIX 

which lists individual fixes sequentially ~ 

for each tropical cyclone. Fix data is & 
« 


divided into three categories; Satellite, PLUS 
Aircraft and Radar. Those fixes labeled 


with an asterisk (*) were determined to be ( WAI ) MINUS /§ ( y7( )hrs 


unrepresentative of the surface center and 
were not used in determining the best tracks. LEAVE W 
Within each category, the first three columns 
are as follows: EXAMPLE: 15/6 MINUS/W1.5/24hrs. 

Fe I TTS ET TET 


(For specifics refer to NOAA TM; NESS~45) 


FIX NO. - Sequential fix number 


TABLE 2-5, CONFIDENCE (CONF) NUMBERS AS A FUNCTION OF DVORAK T 
NUMBER AND RADIUS OF GOR PROBARTE TTY AREA (NM) 


TROPICAL CYCLONE 
INTENSITY CONF CL) CONF (2) CONV (4) 


120 10 
120 10 
120 10 
100 150 
90 yan 
140 
140 
140 
140 
10 
120 
120 
100 
100 


(3) SAT - Specific satellite used for 
fix position (DMSP 35, 36 or 37, NOAA-5, 
TIROS-N, or Geostationary Operational Environ- 
mental Satellite (GOES)). 


(4) COMMENTS - For explanation of 
abbreviations see Appendix. 


(5) SITE - ICAO call sign of the 
specific satellite tracking station. 


b. Radar 


(1) RADAR - Specific type of platform 
utilized for fix (land radar site, aircraft 
or ship). 


(2) ACCRY - Accuracy of fix position 
(good, fair or poor) as given in the WMO 
ground radar weather observation code (FM20- 
Vv). 


(3) EYE SHAPE - Geometrical repre- 
sentation of the eye given in plain language 
(Circular, Elliptical, etc.). 


(4) EYE DIAM - Diameter of eye given 
in nautical miles. 


(5) RADOB CODE - Taken directly from 
WMO ground weather radar Observation code 
FM20-V. First group specifies the vortex 
parameters while the second group describes 
the movement of the vortex center. 


(6) RADAR POSITION - Latitude and 
longitude of tracking station given in 
tenths of a degree. 


(7) SITE - WMO station number of the 
specific tracking station. 


ec. Aircraft 


(1) FLT LVL - The constant pressure 
surface level, in mb, maintained during the 
penetration. 700 mb is the normal level 
flown in developed cyclones due to turbulence 
factors with low level missions flown at 
1500 ft. 


(2) MIN HGT - Minimum height of the 
700 mb pressure surface within the vortex 
recorded in meters. 


(3) OBS MSLP - The minimum observed 
sea level pressure on a 700 mb fix mission is 
obtained by applying the minimum 700 mb 
height to the following regression equation: 


SLP (MB)=.115 (700 mb HGT [M]) + 645 


This relationship is accurate within 
+ 3 mb in most cases. Nowever, if the 700 mb 
center and the surface center are not verti- 
eally alligned, the minimum sea leve] pres- 
sure will be erroneously high. If the sur- 
face center can be visually detected (e.g., 
in the eye), the minimum sea level pressure 
is obtained by a dropsonde released above 
the surface vortex center. 


If the fix is made at the 1500 foot 
level, the sea level pressure is extrapolated 
from that level. 


(4) MAX-SFC-WND - The maximum surface 
wind (knots) is an estimate made by the ARWO 
based on sea state. This observation is 
limited to the region of the flight path, and 
may not be representative of the entire 
cyclone. Availability of data is also depen- 
dent upon the absence of undercast conditions 
and the presence of adequate illumination. 
The positions of the maximum flight level] 
wind and the maximum observed surface wind do 
not necessarily coincide. 


(5) MAX-FLT-LVL-WND - Wind speed 
(knots) at flight level is measured by the 
AN/APN 147 doppler radar system aboard the 
WC-130 aircraft. Values entered in this 
category represent the maximum wind measured 
prior to obtaining a scheduled fix. This 
measurement may not represent the maximum 
flight level wind associated with the tropi- 
cal cyclone because the aircraft only samples 
those portions of the tropical cyclone along 
the flight path. In many instances the 
flight path may be through the weak sector of 
the cyclone. In areas of heavy rainfall, the 
doppler radar may track energy reflected from 
precipitation rather than from the sea sur- 
face; thus preventing accurate wind speed 
measurement. In obvious cases such erroneous 
wind data will not be reported. In addition, 
the doppler radar system on the WC-130 re- 
stricts wind measurements to drift angles 
less than or equal to 27 degrees if the wind 
is normal to the aircraft heading. 


(6) ACCRY - Fix position accuracy. 
Both navigational (OMEGA and LORAN) and 
meteorological (by the ARWO) estimates are 
given in nautical miles. 


(7) EYE SHAPE - Geometrical repre~ 
sentation of the eye based on the aircraft 
radar presentation. Reported only if center 
is 50% or more surrounded by wall cloud. 


(8) EYE DIAM/ORIENTATION - Diameter 
of the eye in nautical miles. In case of 
elliptical eye, the orientation describes 
the nautical mile lengths of the major and 
minor axes, 


CHAPTER Ill — SUMMARY OF TROPICAL CYCLONES 


1. WESTERN NORTH PACIFIC TROPICAL CYCLONES 


During 1978, the western North Pacific 
experienced a near-climatological average 
with a total of 32 cyclones (Table 3-1; 
cyclones 10 and 30 occurred in the central 
North Pacific area). Four, significant 
tropical cyclones never developed beyond 
tropical depression (TD) stage. Of the 2° 
that became tropical storms (TS), 15 deve 
loped to typhoon (TY) stage only one of 
which reached the 130 kt (67 m/sec) inten- 
sity necessasry to be classified as a super 
typhoon (ST). 


Even though the 1978 season had a near 
-average number of cyclones (Tables 3-2 and 
3-3), it was a season full of surprises. 

Ten of the tropical storms and typhoons 
exhibited erratic movement. Typhoon Carmen 
remained quasi-stationary for three days over 
the East China Sea. Typhoon Faye executed 

a large anticyclonic loop and subsequently 
underwent explosive deepening as the surface 
central pressure fell 18 mb in six hours. 
The most ill-behaved typhoon of the season, 
Trix, truly lived up to her name. As 
Tropical Storm Kit crossed Luzon, the sur- 
face circulation dissipated while the mid- 
and upper-level circulations continued 
across and eventually became aligned with a 
secondary or "lee-side" low that had formed 


TABLE 3-1. 


1978 SIGNIFICANT TROPICAL CYCLONES 


08 JAN-13 JAN 
APR-26 
JUN-20 
JUN-24 
JUN-30 
JUL-22 
JUL-02 
JUL-03 
JUL-30 
AUG-12 
AUG-20 
AUG-13 
AUG-20 
AUG-28 
AUG-07 
AUG-01 
AUG-01 
SEP-15 
SEP-17 
SEP-26 


PEP EEE EECEECEEC CEECE EC CEEEE CEES 


#* OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM 


PRD OF WARNING 


west of Luzon. Tropical Storms Hester and 
Phyllis attained post-recurvature speeds of 
40 kt (74 km/hr) and 50 kt (93 km/hr), 
respectively, in extratropical transition. 
Typhoons Virginia and Mamie were unusually 
compact and could, thus, be termed midget 
typhoons. Virginia also traveled the far- 
thest north (47N) while retaining tropical 
characteristics. Having first been detected 
in the central Pacific near 175W, Super 
Typhoon Rita traveled a record distance for 
the season (4142 nm (7671 km)), and was 
second overall only to Typhoon Sarah of 1976 
(4499 nm (8332 km)). 


During 1978, 32 Tropical Cyclone For- 
mation Alerts were issued. Of these, 27 
(84%) developed into significant tropical 
cyclones (Table 3-4). Five tropical cyclones 
were immediately placed into warning status 
without first issuing Formation Alerts due 
to their rapid development. 


During 1978, there were 715 warnings 
issued for the WESTPAC region with a total 
of 131 “warning days” (Table 3-5). On 46 of 
these 131 days, two or more cyclones existed 
and on 16 days three cyclones were in exis- 
tence. 


WESTERN NORTH PACIFIC 
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~ 


3 
2 
6 
1 
4 
3 
4 
5 
6 
0 
5 
0 
6 
2 
2 
8 
4 
4, 
4 
8 
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TABLE 3-2. 


tas | FRDQUENCY OF ‘TYPHOONS BY MONTH ANI 
a 


YEAR 


AVERAGE 
(1945-58) 


1959 
1960 
1961 
1962 
1963 
1964 


1965 
1966 
1967 


AVERAGE 
(1959-78) 


PIS FREQUENCY OF TROPICAL STORMS AND TYPHOONS BY MONTH AND YEAR era} 
aan ee 


YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC TOTAL 
AVERAGE 
(1945-58) 0.4 2.1 0.4 0.5 0.8 1.3 3.0 3.9 4.1 3.3 2.7 I.i 21.6 
1959 0 1 1 1 0 0 3 6 6 4 2 2 26 
1960 0 0 (0) 1 1 3 3 10 3 4 1 1 27 
1961 1 1 1 1 3 2 5 4 6 5 1 1 31 
1962 0 1 0 1 2 0 6 7 3 5 3 2 30 
1963 0 0 0 1 1 3 4 3 5 5 0 3 25 
1964 0 0 0 0 2 2 7 9 7 6 6 1 40 
1965 2 2 1 1 2 3 ~ 6 7 2 2 1 34 
1966 0 0 0 1 2 1 E) 8 7 3 2 1 30 
1967 1 0 2 1 1 a 6 8 7 4 3 1 35 
1968 0 0 0 1 1 1 3 8 3 6 4 0 27 
1969 1 0 1 1 tN) 0 x 4 3 3 2 1 19 
1970 0 1 0 0 0 2 2 6 4 5 4 0 2 
1971 1 0 1 3 4 2 8 4 6 4 2 0 35 
1972 1 0 0 0 1 3 6 LL a 5 2 3 30 
1973 0 0 0 0 0 0 | 5 2 4 3 0 21 
] 1974 1 0 1 1 1 4 4 5 5 4 4 2 2 
1975 1 0 0 0 0 0 2 4 5 5 3 0 20 
1976 1 1 0 2 2 2 4 4 5 1 1 2 25 
. 1977 0 0 1 0 0 1 4 1 2 4 2 1 19 
1978 L 0 0 1 Q 3 4 7 5 a 3 Co] 28 


AVERAGE 
(1959-78) 0.55 0.35 0.45 0.85 1.15 1.65 4.55 5.70 4.90 4.15 2.50 1.10 27.90 


TABLE 3-4, 


e™ FORMATION ALERT SUMMARY Cry 


WESTERN NORTH PACIFIC 


DD 


NUMBER ALERT SYSTEMS TOTAL 

OF WHICH BECAME NUMBERED 

ALERT NUMBERED TROPICAL DEVELOPMENT 
SYSTEMS TROPICAL CYCLONES CYCLONES RATE 


32 


23 


ea ‘ 
MONTHLY DISTRIBUTION 


Ja A 
4.3.2 


FMA 
FORMATION ALERTS 001 


WARNING SUMMARY 


¢ Qz> WESTERN, NORTH PACTEIC 


AVERAGE 
1959-1977 
— 


TOTAL NUMBER OF 
WARN INGS 


NUMBER OF WARNING 
DAYS 


NUMBER OF WARNING DAYS 
WITH 2 OR MORE CYCLONES 


NUMBER OF WARNING DAYS 
WITH 3 QR MORE CYCLONES 


TROPICAL DEPRESS IONS 
TROPICAL STORMS 
TYPHOONS 


TOTAL TROPICAL CYCLONES 
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TYPHOON OLIVE 


Early April 1978 saw the near-equatorial 
trough (NET) slowly shift northward and be- 
come more active as the sun made its seasonal 
progression toward summer solstice. Within 
the NET, a surface circulation was first ana- 
lyzee on the llth at 12002 near O5N-155E and 
initially meandered southward then westward 
at approximately 8 kt (15 km/hr) over the 
next four days. This circulation eventually 
developed into the first typhoon of the year, 
Olive. 


Anticyclonic outflow at the 200 mb level 
was first noted in the vicinity over the sur- 
face circulation at 1312002. Although weak, 
this outflow persisted for the next two days. 
By the 16th, satellite imagery and synoptic 
data indicated increased organization. A 
formation alert was issued at 160600Z and 
extended for another 24 hours at 1706002 as 
aircraft and satellite data confirmed that 
development was slower than expected. 

Based on satellite and synoptic data, the 
first warning on Tropical Depression 02 was 
issued at 180000Z. A subsequent aircraft 
fix at 1802522 found a central pressure of 
1001 mb and estimated the maximum surface 
winds to be 30-35 kt (15-18 m/sec). 


The mid-tropospheric subtropical ridge 
was well established at this time with the 
east-west axis varying between 17-20N. This 
resulted in the cyclone, once organized, 
tracking west-northwest at- speeds faster than 
climatology. Satellite data indicated good 
outflow aloft with continuous intensification 
resulting. The intensification noted in the 
24 hours prior to landfall was in good agree- 
ment with climatology. TD-0Q2 was upgraded to 
Tropical Storm Olive on the 18th at 18002. 
Tropical Storm Olive passed through the Leyte 
Gulf with maximum sustained winds of 60 kt 
(31 m/sec). 


While crossing the central Philippine 
Islands, Olive continued her 13 kt (24 km/hr) 
speed but weakened to 45 kt (23 m/sec) inten- 
sity. Upper level outflow remained good 
during the transit and Olive exited intact 
into the South China Sea after 2018002. The 
combination Of good outflow aloft and warm 
water in the South China Sea caused Olive to 
reintensify and reach typhoon intensity at 
2206002. The storm recurved through a break 
in the subtropical ridge along 113E that had 
been forming Since 2200002. Figure 3-1 
shows the three-hourly surface reports from 
the Paracel Islands (WMO 59981) when Olive 
passed nearby. A maximum intensity of 85 kt 
(44 m/sec) was reached 12 hours before re- 
curvature and continued until the 24th at 
12002. 


FWC/JTWC GUAM 


loaresza-asareuto7e | 22/z | 2/212 | 2s/ooz | 23/032 | 23/062 
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The recurvature was quite sharp due to 
strong, deep westerly upper-air flow in the 
latitudes of 20-30N. Figure 3-2 shows the 
cirrus outflow to the north and northeast of 
Olive being affected by the strong westerlies. 
After recurvature, Olive accelerated out to 
the east-northeast, staying approximately 
180 nm (330 km) south of the maximum wind 
zone. Gradual weakening occurred after re- 
curvature as cooler, drier air was ingested 
into the storm with Olive finally becoming 
extratropical over cooler waters at 1800Z on 
the 26th of April. 


Post-analysis showed that numbered 
warnings should have begun near 1700002. 
Although the system was not tully defined at 
this time and difficult to pinpoint on sat- 
ellite data, enough information was available 
to predict storm force winds were possible 
within 48 hours. Recurvature was considered 
probable early in Olive's life and discussed 
on prognostic reasoning messages. However, 
the recurvature track was much sharper than 
initially forecast. More emphasis should 
have been placed on the depth and strength of 
the westerlies north of the narrow, subtro- 
pical ridge and tracks of previous April 
cyclones (analogs) should have been studied 
closely. 


FIGURE 3-2. Infrared imagery of Typhoon Olive at 
maximum intensity of 85 kt (44 m/sec) during recur- 
vature, 23 April 1978, 11582. (NOAA-5 imagery) 


FIGURE 3-1, Thnee-hourly surface synoptic observations from the Paracel Istands during passage of Typhoon Olive. 
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TYPHOON TRIX 


Trix, 1978's second typhoon, was a Also shown are the differences between the 
difficult tropical cyclone to forecast due maximum sustained surface winds as estimated 
to an unusual track which included a four from aircraft reconnaissance and those ob- 
day, 700 nm (1300 km) perimeter, cyclonic tained from an empirically derived JTWC for- 
loop. The degree of difficulty was mula: 
reflected in warning statistics such as: 
eleven warning relocations, two warning Vmax = 6.7(1010. - MSLP)exp 0.644 


amendments, and an average 24 hour forecast 
error of 174 nm (322 km). 


Trix originated from a wave in the east- 

. erlies which became significant along 148E 
from LON-25N on the 10th of July. A day 
later, a surface circulation was noted with- 
in the wave 550 nm (1000 km) northeast of 
Guam. Over the next 48 hours, the wave 
drifted northwest at 05-07 kt (09-13 km/hr) 
and moved under an area of diffluence caused 
by a tropical upper tropospheric trough 
(TUTT) to the west. Potential for develop~ 
ment being excellent, a formation alert was 
issued at 0600Z on the 12th. 


The first aircraft reconnaissance flight 
into the alert area found a cyclonic circu~ 
lation with a circular area of calm winds, 
100 nm (185 km) in diameter. Based on this 
1304072 information and continued outflow 
aloft possible, the first warning was issued 
at 130600Z on Tropical Depression 06 (TD 06). 


Over the next 18 hours, TD 06 moved west 
at approximately 10 kt (18 km/hr). Subse- 
quent aircraft reconnaissance observed the 
minimum sea level pressure continuing to 
decrease; tropical storm intensity was 
reached on the 14th at 00002. 


Metsat data at 1422202 (Fig. 3-3) showed 
Trix to be a very compact tropical storm with FIGURE 3-3 . Infrared image of Trix at tropical 
tae aces cae patie a ate - Storm intensity, 14 July 1978, 22202. The 

J BENE ASK REVO NSO et tee cloudiness over Guam in the deep convergent south- 


erature and been found to exhibit erratic . ; ; : ee 

; ; 3 ; west glow 48 quite a distance from Trix, signifying 
intensity trends and Trix held true to form. the Large extent of the cyclonic circueation én 
Figure 3-4 shows the diurnal variation of the which Tréx was embedded. (DMSP imagery) 

sea level pressure as observed by dropsonde, : : 


cm<me- hme Zpms 


macvunns 


AIRCRAFT (SFC) MAX WIND 
LS 
JTWC COMPUTED MAX WIND NO (NOT OBSERVED) 


FIGURE 3-4. Tdme cross section of Trix's minimum sea Level pressure. 
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TYPHOON VIRGINIA 


Virginia developed during July as the 
third typhoon of the 1978 season. Virginia 
was relatively small compared to the much 
larger Typhoon Wendy which developed simul- 
taneously to the west. Except for an unex- 
pected loop, Virginia's track was definable 
as an uncomplicated, broad recurvature track. 
However, higher than average forecast errors 
resulted due to the difficult forecasting 
situations produced by complex interactions 
with the nearby Typhoon Wendy and the Tro- 
pical Upper Tropospheric Trough (TUTT). 


Virginia first appeared as a small tro- 
pical disturbance on satellite imagery on 21 
July. This disturbance was believed to be 
associated with a low-level convergence zone 
feeding into a much larger disturbance which 
was developing over the Philippine Sea. 

There were no nearby land/ship reports to 
indicate any evidence of a surface circu- 
lation at this time. Therefore, this dis- 
turbance was discussed in the Significant 
Tropical Weather Advisory (ABEH PGTW) as 
having poor potential for development during 
the advisory period. On the 23rd, a weather 
reconnaissance aircraft was first sent to 
investigate the larger disturbance (then 
estimated at 30 kt (15 m/sec) intensity) and 
was later sent east into the smaller dis- 
turbance. The aircraft penetrated the smal- 
ler disturbance and found an unexpected, 
well-developed circulation. Aircraft radar 
showed a well-defined 40 nm (74 km) diameter 
eye and the weather officer estimated surface 
gusts at 55 kt (28 m/sec). The first tropi- 
cal cyclone warning was immediately issued on 
TS Virginia at 2306002. Post analysis showed 
tropical storm stage was reached 6 to 12 
hours before the first warning. However, the 
lack of significant data and Virginia's un- 
usually small cloud signature on satellite 
imagery delayed earlier interpretation of 
Virginia as a significant tropical cyclone. 


Virginia and Wendy intensified simulta- 
neously (Fig. 3-6). Because Wendy's circula- 
tion was so much larger, Virginia was expect- 
ed to travel in a counter-clockwise direction 


about Wendy. Virginia did travel as predict- 
ed for the first four days, but the speed of 
movement was slower than expected. During 
the next two days, Wendy moved northwestward 
away from Virginia and interaction between 
the two storms became less noticeable. 
Virginia continued to decrease in speed of 
movement and then executed a loop; Wendy and 
Virginia were separated by over 800 nm (1482 
km) during the loop. 


Macro-scale features over the western 
North Pacific at this time included a TUTT. 
The TUTT was initially situated between 
Virginia and Japan. Analysis of all data 
sources, including satellite-derived winds, 
indicated the TUTT extended southward along 
Virginia's western side during the loop. 
This caused inconsistent steering flow with 
height, contributing to Virginia's lack of 
significant forward movement. Virginia's 
maximum intensity of 70 kt (36 m/sec) was 
attained during this period (Fig. 3-7). 


Virginia slowly weakened after the loop 
as the TUTT axis became situated just west of 
Virginia and restricted upper-level outflow 
to the west. Virginia also began moving to- 
ward recurvature by traveling around the 
western periphery of a large subtropical 
anticyclone. Virginia's recurvature was 
also believed to be partially aided by the 
TUTT, which provided southerly upper-level 
steering flow. Virginia remained just east 
of the TUTT axis throughout recurvature. 


Virginia produced no known damage. Even 
though Virginia passed within 80 nm (148 km) 
of Japan, only 20 kt (10 m/sec) maximum sur- 
face winds were reported along the east coast 
of Honshu. Besides Virginia's small size, 
the winds were always weaker on the west side 
due to the TUTT axis being so close to the 
storm. 


Virginia holds the 1978 record for a 
tropical cyclone tracking the farthest north 
(47N) before losing its tropical characteris- 
tics. 


FIGURE 3-6. Early stages of Typhoons Wendy (Legt) 
and a (night), 26 July 1978, 01332. (DMSP 
Amagery 


FIGURE 3-7. Typhoon Virginia at maximum intensity 
06 70 kt (36 m/sec) while undergoing strong TUTT 
Anteraction, 28 July 1978, 21412. (DMSP imagery) 
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TYPHOON WENDY 


Wendy, the fourth typhoon of 1978, 
developed in 4 well-established monsoon 
trough. The trough, which had existed for 
seven to ten days prior to significant tro- 
Pical cyclone development, laid over WESTPAC 
from O7N at the Dateline west-northwest over 
the Mariana Islands to the Luzon Straits. 

By 12002 on the 22nd of July, two weak sur-~- 
face circulations were evident in the trough, 
one centered at 19.8N-138.2E which eventually 
became Wendy and the other at 14.5N-151.45 
(Virginia). With the Tropical Upper Tropo- 
spheric Trough (TUTT) lying just to the north 
of the surface trough, the dynamics for sig- 
nificant tropical cyclone development were 
present. 


Increased organization on the 22nd 
prompted the initial reconnaissance air- 
craft launch at 21302. The ARWO observed 
25-30 kt (13-15 m/sec) surface winds, but 
could not locate a definable sur. @ circu- 
lation center. Based on this aircraft data 
and the good potential for increased deve- 
lopment a formation alert was issued at 
2304562 for an area 660 nm (1222 km) north- 
west of Guam, The tropical cyclone deve- 
loped rapidly thereafter; it reached tro- 
Pical storm intensity near 2318002 (Fig. 
3-8) and obtained typhoon strength by 
18002 on the 25th. 


Wendy meandered westward from the 23rd 
till the 25th when a break developed in the 
subtropical ridge with the high center, north- 
east of Wendy, dominating and building. In 
response to stronger, mid-level southeaster- 
lies, Wendy accelerated northwestward. Wendy 
slowly reached her maximum intensity of 80 kt 
(41 m/sec) during this time and maintained it 
for 24 hours before she began a slow weaken- 
ing trend after passing over the Ryukyu 
Islands. A marked decrease in low-level in- 
flow and convection near the center appeared 
to have affected Wendy's development at this 
point. 


Wendy stalled again in the central East 
China Sea, 180 nm (333 km) east-southeast 
of Shanghai, when steering currents weakened. 
The cooler and drier environment, the de- 
creased inflow, and finally the decrease in 
outflow aloft weakened Wendy. Most storms 
that stall in movement, intensify; Wendy 
weakened. 


Late on the 3lst, the break in the sub- 
tropical ridge became more pronounced and 
Wendy began to recurve northeastward at 8 kt 
(15 km/hr). A succession of minor, mid-level 
troughs first forced Wendy northward early on 
the 2nd of August, then accelerated her north- 
eastward. 


32 


The cooler environment and increased 
frictional effects caused Wendy to weaken and 
lose tropical characteristics by 182 on the 
2nd after existing as a significant tropical 
eyclone for 10 days. 


Twice during Wendy's existence (2400002 
to 2600002 and 3006002 to 3118002), she 
Slowed significantly. The portions of the 
best track shown for these periods are 
among many possible solutions. With fix- 
to-fix movement near to or less than the fix 
accuracies, it was almost impossible to 
determine if Wendy just slowed to 1-3 kt 
(2-6 km/hr), underwent looping, or simply 
remained “quasi-stationary". 


FIGURE 8-8 . Wendy as a& young Cropicald Stow, %3 
Judy 2978, LINIZ. Tuprioal of cercaudcatcons in the 
monsoon Crough, mtramun cCoudiness excsts cn the deep 
southwesterdces (ust south of the trough arcs, 

(OMSP cmagery) 
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TYPHOON CARMEN 


The genesis of Typhoon Carmen provides 
an interesting example of the interaction of 
two synoptic features in generating a tropi- 
cal cyclone. These features began inter- 
acting on 7 August 1978. On that day, 
Guam's surface winds shifted from easterly 
to southwesterly as the southwest monsoon 
surged well east of its normal habitat. 
Metsat imagery showed a noticeable upsurge 
in convective activity along and to the 
south of the low level monsoon trough, the 
axis of which now extended from Southeast 
Asia across the Philippines and over the 
western North Pacific to near the dateline. 
In Guam's vicinity, southwesterly flow per- 
sisted, deepened and strengthened. At 
0812002 Guam's gradient level wind was 20 kt 
(10 m/sec) from the southwest. 


During the same time frame, a Tropical 
Upper Tropospheric Trough (TUTT) northwest 
of Guam was deepening southward. Satellite 
derived upper-air winds at 0812002 confirmed 
considerable divergence existed south and 
east of the TUTT overlying the monsoon 
trough just north of Guam and definite signs 
of tropical cyclone organization were 
appearing. Six hours later, Guam's gradient 
wind had increased to 31 kt (16 m/sec) out 
of the southwest. 


For the next day, this upper-level/lower 
-level interaction persisted and the devel- 
oping disturbance, one of many along the 
monsoon trough discussed in the daily Signi- 
ficant Tropical Weather Advisory (ABEH PGTW), 
was written as having fair to good develop- 
ment potential. A formation alert was 
issued at 1001562 and two subsequent air- 
craft reconnaissance missions showed a mini- 
mum sea level pressure of 1004 mb and 25 kt 
(13 m/sec) estimated maximum surface winds. 
The surface center, however, was difficult 
to fix and the decision was to reissue the 
alert at 110134Z. Three hours later, how- 
ever, aircraft data reported a 992 mb central 
pressure. Subsequently, the first warning 
was issued at 11060Cz with 40 kt (21 m/sec) 
intensity. Meanwhile, the activity in the 
monsoon trough had also rapidly organized in 
another area; Tropical Storm Della was form- 
ing just east of the Philippines. 


The TUTT's influence on Carmen continued 
beyond her early developmental stages. TUTT 
interaction also influenced her track and 
affected her size and intensification rate. 
Initially, Carmen's track was expected to be 
climatological since the overall synoptic 
environment in which Carmen was situated was 
typical of the August climatology. A strong, 
mid-tropospheric, subtropical ridge existed 
north of her and Carmen was forecast to 
follow a west-northwest track. In actuality, 
Carmen moved erratically for one day and 
then accelerated to the north-northwest. 

It appears that upper-level steering from 
southeasterlies east of the TUTT was a major 
influence on her track. 


The TUTT also influenced Carmen's devel- 
opment rate. At 1200002, Carmen was begin- 
ning to accelerate to the north-northwest 
with an intensity of 55 kt (28 m/sec). 

Three days later she had only intensified to 


80 kt (41 m/sec) - an intensification rate 
which was half of the average rate for 
August cyclones. A partial explanation for 
this slow intensification was the fact that 
Carmen had a faster than average forward 
speed of 16 kt (30 km/hr) during this period 
and also that she was part of a two storm 
situation (Fig. 3-9 ). However, it is 
equally possible that the TUTT (still west 
of Carmen) also had a part in influencing 
Carmen's slow intensification rate and small 
size by restricting upper level outflow in 
her western and southern quadrants (Figs. 
3~9 & 3-10). The 200 mb analyses indicated 
that the TUTT moved with Carmen and streng- 
thened from the llth to the 14th. 


FIGURE 3-9. Infrared image of Typhoon Carmen (night) 
and Tropical Storm Della (Left), 12 August 1978, 
21342.  (DMSP imagery) 


By 1512002, the TUTT axis had curled to 
the south of Carmen. Satellite imagery at 
this time (Fig. 3-11) showed a more sym- 
metrical typhoon but small in areal extent. 
The strong mid-tropospheric subtropical 
ridge still existed to the north and Carmen 
was expected to track westward into the 
China coast. However, a high pressure cell 
was building ahead of Carmen over the Asian 
coast. By the 16th, Carmen was caught in 
a weak steering flow between high pressure 
cells to the east and west and, for three 
days, Carmen looped erratically and weak- ; 
ened in intensity. On the 17th, a deve- 
loping short wave trough was analyzed over 
the Asian mainland ‘and warnings reflected 


recurvature toward Korea, At 1812002, 26 nm (48 km) north of Kadena AB with little 
Carmen did begin to track northward and damage to DoD facilities, 

eventually dissipated over Korea. Despite 

Carmen's erratic behavior, 24-hour fore- 


cast errors matched the average for the The disturbance in the monsoon trough 
year. that eventually became Carmen was similar 
to many others that did and did not develop. 
f During her lifetime, Carmen was respon- And, of those that did develop, many only 
P Sible for considerable damage. Before dis- reachee the monsoon depression stage. The 
Sipating over South Korea, she caused wide- difficulty in determining the deve lopment 
spread flooding, a reported 21 deaths and potential of these monsoon disturbances 
$3 million worth of property damage. affected the timeliness of issuance of the 
Saipan, affected by Carmen in her formative formation alert and initial warning on 
stage, reported flooding and property damage Carmen. Near perfect forecasting to meet 
and was designated a national disaster area. customer requirements would have allowed the 
At maximum intensity of 80 kt (41 m/sec) on initial warning to be issued 48 to 72 hours 
August 15, Carmen passed over Okinawa about prior to the actual 1106002 issuance. 


FIGURE 3-10. Restridcted upper Ceveld outglow over Car 
men's western and southern quadrants, TT August 1978, 
22432. = (DMSP dmagery) 


FIGURE 3-17. Carmen's smal aread extent, 15 Auqust 
1978, T5052,  (OMSP cmgery) 
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TYPHOON ELAINE 


The 17th of August 1978 saw the monsoon 
trough extending as far east as 140E pro- 
viding the breeding ground for Typhoon 
Elaine. Synoptic and satellite data on the 
18th indicated a tropical disturbance, with 
maximum winds of 15 kt (8 m/sec), organizing 
to the northeast of Palau. From the 18th 
through the 20th, this system was discussed 
on the Significant Tropical Weather Advisory 
(ABEH PGTW) with poor to fair potential for 
significant: tropical cyclone development. 

The relative position of the Tropical Upper 
Tropospheric Trough (TUTT), north of the dis- 
turbance during this period, indicated sup- 
pression of upper level outflow in the north- 
ern portion of the system. Issuance of a 
Tropical Cyclone Formation Alert was delayed 
as a result of expected strong upper-level 
directional shear. The advisories on_the 
2lst and the 22nd carried fair to good poten- 
tial; however, based on sparse synoptic data 
and little organization evident on the satel- 
lite data, the system was still thought to be 
in the formative stage. The initial warning 
was issued at 2306002 by which time increased 
organization and banding features were indi- 
cated on satellite imagery. Post analysis 
indicated the system was a tropical depres- 
sion 36 hours prior to this time. 


By 2400002, the mid-tropospheric ridge 
provided more definitive east-northeast 
steering flow across northern Luzon resulting 
in Elaine's southwest track, contrary to a 
favored climatological track to the west- 
northwest. Climatological studies also indi- 
cate weakening during passage over Luzon. 
Based on synoptic data, however, Elaine con- 
tinued to intensify and was upgraded to a 
tropical storm at 2400007 while still over 
land 170 nm (315 km) north of Manila. Heavy 
storm damage was reported in northern Luzon. 


As Elaine exited Luzon into the South 
China Sea, her associated cloud pattern 
lacked sufficient organization for optimum 
satellite (Fig. 3-12) and radar fixes; air- 
craft reconnaissince at low flight levels 
(restricted at times by terrain) was heavily 
relied on for definitive surface center 
fixes. During this same period, 24 - 25 
August 1978, Elaine was caught between 
strong southwest monsoon flow and strong 
northeast flow. As a result, Elaine looped 
twice and forecast errors increased 
considerably. 


After completing the second loop, Elaine 


accelerated to the northwest in response to 
the mid-tropospheric ridge axis' northward 
migration. A weakness in this ridge was 
apparent on the 26th and developed northeast 
of Vietnam due to a mid-latitude short wave. 


By the 27th this short wave trough was within 


10 degrees of Elaine and a noticeable north- 
ward adjustment in her track resulted. The 

closest point of approach (CPA) to Hong Kong 
occurred at 2702002 with Elaine 155 nm (287 

km) to the southwest. 


At 2703002, the S.S. Seal and Trade lo- 
cated at 21N-113E reported surface winds of 
65 kt (33 m/sec) and a surface pressure of 
974 mb. Based on this ship report, Elaine 
was upgraded to typhoon strength just prior 
to landfall over the southern coast of China 
near the Luichow Peninsula. Subsequent to 
landfall, Elaine tracked westward and dis- 
sipated rapidly as a result of frictional/ 
terrain effects. Downgrading to tropical 
storm intensity occurred by 2718002 with the 
final warning issued at 2800002. 
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FIGURE 3-12. Visual imagery at 01342 on 25 August 
1978, showing Elaine's typical satellite signature 
dwring her erratic movement period, 24 - 25 August 
1978. (NOAA-5 dmagery) 
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TYPHOON FAYE 


Typhoon Faye, the seventh typhoon of the 
1978 season, was one of the most interesting, 
but unfortunately, also one of the year's 
most difficult typhoons to forecast. Besides 
executing an uncommon anticyclonic loop 
early in her development, Faye also unexpect- 
edly reintensified to typhoon strength 
shortly before becoming extratropical. 


The tropical disturbance that was to be- 
come Typhoon Faye was first sighted southeast 
of Ponape at 2421422, August 1978 by satel- 
lite reconnaissance. The disturbance moved 
west-northwest at 13 kt (24 km/hr) and at 
261200Z passed north of Truk. During this 
period, 200 mb analyses showed a tropical 
upper tropospheric trough (TUTT) with an im- 
bedded low northwest of the disturbance. 

This TUTT moved west-northwest in conjunction 
with the surface circulation thereby keeping 
excellent upper-level outflow in the diffluent 
region, southeast of the TUTT cell, over the 
developing tropical disturbance. 


Based on an improved satellite signature 
and on ship synoptic data, a Tropical 
Cyclone Formation Alert was issued on the 
disturbance at 272334Z. Shortly thereafter, 
a reconnaissance aircraft confirmed the 
existence of a closed surface circulation 
with a minimum sea level pressure of 1000 mb. 
Based on this aircraft data, the disturbance 
was upgraded to Tropical Depression 16 at 
280000Z with max winds of 30 kt (15 m/sec). 
The 500 mb subtropical ridge axis was at 
that time oriented east-west along 36N. 


At 280600Z, TD-16 passed 60 nm (111 km) 
to the northeast of Guam and was upgraded to 
Tropical Storm Faye six hours later. During 
the next 24 hours the storm moved straight 
north while slowly intensifying. The 500 mb 
flow pattern became complex during this 
period due to the influence of two new 
developing tropical systems: TS Gloria be- 
tween Luzon and Japan and TS Hester west of 
Marcus Island (Fig. 3-13). The 500 mb 
analysis at 2812002 (Fig. 3-14) showed that 
the Pacific Ocean south of Japan between 
Guam and the Philippine Islands was domi- 
nated by an elongated monsoon trough holding 
multiple circulation centers, one of which 
was to become TS Gloria. High pressure cells 
were located east of Tokyo and southeast of 
Marcus Island. 


The 2812002 objective steering aids in- 
dicated Faye would track northeastward. 
However, because the initial pattern itself 
was confused, a more climatological north- 
northwestward track was forecast. 


By 2912002 Faye began to execute a rare, 
anticyclonic loop. The 3000002, 500 mb anal- 
ysis (Fig. 3-15) showed that Faye was now 
positioned between two high pressure centers: 
one located between Marcus Island and the 
Volcano Islands, and the other located souti 
of Guam. This pattern was the result of the 
combined influence of Gloria, Hester, Faye, 
and a long-wave, mid-level trough that was 
developing far to the northeast of Faye. 

It was now possible for Faye to choose one of 


two routes: (1) move north-northeast in the 
weakness between Marcus Island and Wake 
Island; or (2) move west-northwest along the 
southern periphery of the high pressure cen- 
ter to her north. 


FIGURE 3-13. Tropical Storm Faye just prion to ex- 
ecuting an anticyclonic Loop north of Guam, while at 
an intensity of 40 kt (21 m/sec). TS Gkoria is 
southeast of Okinawa and TS Hester 4s northwest of 
Marcus Island, 29 Augusc 1978, 01372. (DMSP <magery) 


Unfortunately, by 3100002, the high 
pressure center south of Guam shifted 
further to the west. This change in the 
flow pattern allowed Faye to swing to the 
south and thus complete her anticyclonic 
loop. 


Faye reached the southernmost point of 
her looping track at 0100002 September and 
six hours later was upgraded to typhoon 
strength based upon the development of a 
poorly defined eye and a central pressure 
drop to 984 mb as reported by reconnaissance 
aircraft. At 0200002 September, the 500 mb 
pattern again changed radically (Fig. 3-16). 
Ridging, albeit weak, now dominated the 
Pacific east of Faye. Troughing, enhanced 
by a long wave east of Japan dominated the 
Pacific west of Typhoon Faye. Faye was now 
under the influence of southeasterly steer- 
ing flow and began tracking steadily north- 
westward around the western periphery of the 
ridge. 


As the ridge strengthened, Faye accele- 
rated from 8 kt (15 km/hr) to 16 kt (30 km/ 
hr) by 0312002. Thereafter she began to 
decelerate again and weaken as she 
approached the axis of the mid-tropospheric 
subtropical ridge. By 0418002, Faye 
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weakened to tropical storm strength and _ 
within six hours had crossed the ridge axis 
and began to recurve to the northeast. 


Normally a system would be expected to 
accelerate after crossing the ridge axis, 
but in this case the mid-latitude westerly 
jet stream was located considerably to the 
north; the mid-level steering was therefore 
very weak and Faye actually continued a 
slowing trend. Likewise, a tropical system 
would be expected to continue weakening 
after recurvature as it moves over cooler 
water, begins to entrain cold air at mid- 
levels from the north and comes under the 
influence of strong vertical wind shear. A 
reconnaissance aircraft at 0505412, however, 
reported that Faye's central pressure had 
dropped to 975 mb with an increase in over- 
all organization also noted. Faye was up- 
graded to typhoon strength based on aircraft 
reconnaissance and ship data at 0518002. 


The reason for Faye's reintensification 
was related to the weak, upper-level flow 
pattern. During Faye's period of reinten- 
sification, mid- and upper-level winds were 


basically zonal and light, thereby minimi- 
zing the cold air entrainment. Reconnais- 
sance aircraft reports indicated that Faye 
was distinctly warm core during this period. 
Because of the weak flow between 500 and 200 
mb, vertical wind shear was small and, thus, 
Faye was able to maintain vertical organi- 
zation longer than was anticipated. 


By 0612002 September, Faye again 
weakened to tropical storm intensity due 
to increasing vertical wind shear. 
Upper-level winds increased and satellite 
imagery showed that her upper-level center 
was finally being sheared off from the sur- 
face center. The final warning on TS Faye 
was issued at 071800Z at which time she was 
fully extratropical and in the process of 
merging with the polar front. 


Although Typhoon Faye avoided the major 
land masses of the Pacific area, she did 
cause damage to the Northern Mariana Islands. 
During her anticyclonic loop, the islands of 
Agrihan, Alamagan, and Pagan were directly 
affected twice. Pagan sustained the most 
damage with sixty-five homes destroyed and 
one merchant vessel grounded. 
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TYPHOON IRMA 


Irma, the eighth typhoon of the 1978 
season, developed in the monsoon trough 
southeast of Taiwan. Located in the Luzon 
Straits over the previous week, the monsoon 
trough slowly drifted northward and a weak 
surface circulation became evident southeast 
of Taiwan on the llth. The monsoon trough 
at 500 mb was also observed to have shifted 
well northward signifying the trough becoming 
vertically aligned with the surface circu- 
lation. This northward shift also moved the 
monsoon circulation under favorable outflow 
aloft. The mechanism for rapid tropical 
cyclone development being present, numbered 
warnings began without the issuance of a 
formation alert. 


Aircraft reconnaissance, at 0935Z on the 
12th, confirmed TD-19 had undergone rapid 
development. Post analysis determined that 
the cyclone reached tropical storm strength 
at 120000Z. Due to the lack of a strong 
subtropical high pressure ridge to the north 
of Irma and the fact that the southwest mon- 
soon flow was more intense than the easter- 
lies north of the monsoon trough, Irma moved 
northeast. Then, on the 13th at 18002, Irma 
began accelerating northeastward as mid-level 
steering strengthened when a short-wave, 
westerly trough tracked eastward off China. 
Diffluence aloft, ahead of the short-wave, 
allowed Irma to reach a maximum intensity of 
65 kt (33 m/sec) by 1412002. 


Irma remained a typhoon for only 12 hours 
becoming the shortest-lived typhoon of the 
season. The 140000Z, 500 mb analysis indi- 
cated that Irma was north of the broad sub- 
tropical ridge axis, building in behind her, 
and she was accelerating northeastward. Her 


maximum forward speed of 21 kt (39 km/hr) 
was obtained while tracking through the 


Tsushima Straits prior to making landfall 
on Honshu. 


In the last 24-36 hours of her existence, 
Irma experienced increased vertical shear 
which brought on rapid weakening. The 
terrain effects of Kyushu and Honshu caused 
Irma to dissipate near 1200Z on the 15th. 


Although remaining a typhoon for only 
12 hours and weakening rapidly as she tracked 
towards southwest Japan, Irma produced wide- 
spread damage to Kyushu with estimated gusts 
in excess of 100 mph (45 m/sec) reported. 
Irma smashed windows, overturned cars, and 
capsized several fishing boats. Several 
athletes at the Japan-China Friendship Track 
and Field Meet in Kitakyushu were injured 


when a freak gust blew them ten feet in the 
air. 


Irma exhibited a movement to the north- 
east similar to previous 1978 recurvers 
(Olive, Polly, Virginia, Gloria and Hester). 


Irma's track indicates she traveled 
parallel to, but just outside, the 200 mb 
strong wind flow; actually just outside the 
50 kt (26 m/sec) isotach (Fig. 3-17). The 
observed relationship appears to provide an 
excellent forecast aid and was particularly 
important during Irma. All forecasts, how- 
ever, must take into account the possible 
northward adjustment of the max wind band as 
well as the possible deepening of short-wave 
troughs off the China mainland. An accurate 


36-hour to 48-hour, 200 mb prog should help 
greatly. 


%* STORM POSITION 
SOUTHERN EDGE OF 50 
KNOT ISOTACH (200MB) 
eeecccnseces 14/002 
emo mms 15/00Z 
em 16/002 


FIGURE 3-17. Inma's positions rekative to the southern 
boundary of the 200 mb, 50 kt isotach from 1400002 to 


1600002 September 1978. 
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UDY 
f the suk ridge axis. Although 
part of a Situation with Typhoon 
Irma (Fig. 3-20), Judy never appeared to be 
t 


need by Irma's presence. Warnings on 
Judy showed excellent continuity. From the 
second warning on, a recurvature path was 
due in part to the early 
tection which provided considerable history 
in Judy's past track before the first warn- 
ing was result, the forecast 
were considerably 


recast. This was 


issued. As a 


errors for T 200n Jud 
better 


rva 


than average for cyclones undergoing 


ure. The intensity forecasts f 
however, always lagged her true in- 
ication rate. The maximum intensity 
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foreseen, nor 


Judy weakened. 
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no reported damage was done by Typhoon Judy. 
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FIGURE 3-20. Infrared imagery of Typhoons Judy 
(rcght) and Inma (Lest), 14 September 1978, 14387, 
(DMSP imagery) 
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Typhoon Lola was spawned within a very 
active trough located between the equator and 
12N, from the Philippines eastward to 150E. 

On the 20th of September 1978, satellite 
imagery gave the first indication of a dis- 
turbance near 0§N-147E; however, a distinct 
surface circulation was not evident. Between 
the 20th and the 24th, the disturbance slowly 
accelerated to the northwest then west-north- 
west through the Caroline Islands passing 
between Ulithi and Guam on the 22nd with 15-20 
kt (7-10 m/sec) intensity. A tropical cy- 
clone formation alert was issued at 2406002 
when increased organization in feeder band 
activity was noted on satellite imagery and 
potential for further development was evident. 
Based on aircraft and satellite data, the 
first warning on Tropical Depression 22 (TD- 
22) was issued at 2412002 with 25 kt (13 m/ 
sec) intensity. 


During the 24th and 25th, TD-22 main- 
tained a westward movement within the near 
equatorial trough on a heading 10 degrees 
north of the trough axis. This westward 
movement toward the central Philippines was 
supported by easterlies along the southern 
periphery of the mid-tropospheric subtropical 
ridge. Aircraft data at 2521002 positioned 
the circulation 110 nm (205 km) east of 
Samar. Increased organization and a central 
pressure of 995 mb were noted which resulted 
in upgrading the system to Tropical Storm 
Lola at 2600002. Landfall was made on the 
southeastern tip of Luzon at 2615002. Lola's 
subsequent track during the 27th took her 
atong the southern coast of Luzon passing 
over the cities of Legaspi and Batangas. The 
closest point of approach (CPA) to Manila oc- 
curred at 2710002 as Lola passed 35 nm (65 
km) to the southwest. At this time, the 
International Airport at Manila reported 30 
kt (15 m/sec) sustained winds with gusts to 
50 kt (26 m/sec). The Naval Weather Service 
Environmental Detachment (NWSED) at Cubi Pt. 
recorded maximum sustained winds of 40 kt 
(21 m/sec) with a peak gust of 59 kt (30 m/ 
sec) at 2712412. Nineteen deaths and heavy 


TYPHOON LOLA 


property damage in the southern Tagaloc and 
Bical regions were attributed to Lola's pas- 
sage. As Lola exited into the South China 
Sea, the 500 mb analysis indicated a short 
wave trough in the westerlies over China ex- 
tending as far south as 27N with a weakness 
in the subtropical ridge forming over south- 
ern China. By 2800002, the trough extended 
to 23N along 105E and the subtropical high 
center east of the weakness had moved east- 
ward across the northern Philippines. This 
caused Lola's dominant mid-level steeriag 
flow to become southeasterly which resulted 
in her more climatological northwest track 
over the South China Sea. Supported by good 
upper-tropospheric outflow and strong low- 
level energy input, gradual intensification 
occurred from 271800Z through 3018002. Based 
on aircraft data, Lola was upgraded to ty- 
phoon intensity at 281800Z. During the 29th 
and 30th of September, Lola reached maximum 
intensity with sustained winds of 75 kt (39 
m/sec) and a minimum pressure of 963 mb. The 
mid-tropospheric ridge began strengthening 
westward resulting in Lola's track becoming 
more west-northwest toward Hainan Island. 
Landfall over Hainan occurred at 0109002 
October, 10 nm (19 km) southeast of Wen- 
chang. 


Weakened by terrain features, Lola was 
downgraded to a tropical storm at 0112002 as 
she continued west-northwestward into north- 
ern Vietnam. The final warning downgrading 
Lola to tropical depression intensity was 
issued at 0300002. Lola's overall uncompli- 
cated track produced the lowest 24-, 48- and 
72-hour forecast vector errors (54, 116 and 
139 nm respectively) of the 1978 storm season. 
The 24- and 48~hour forecast vector errors 
were expecially low (average of 21 nm (39km) 
and 40 nm (74km) respectively) during Lola's 
passage over the Philippines. This resulted 
from the increased accuracy of fix positions 
due to additional land radar and synoptic 
reports, the uncomplicated track, and the fact 
that Lola remained a well-organized system 
during transit allowing accurate fixing. 
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TYPHOON MAMIE 


Typhoon Mamie was yet another of the Remaining a very compact system 
compact typhoons of 1978. Mamie was also an (Fig. 3-22), Mamie tracked on a recurvature 
open ocean typhoon (i.e., it formed and dis- path along the western periphery of a mid- 
Sipated over the ocean, and affected ship- tropospheric, subtropical high pressure 
ping lanes) and never really threatened any system whose 500 mb height center was near 
land stations. 25N-175E. The direction-of-track forecasts 
were good; however, the speed-of-movement 
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Tropical Depression 23 (Mamie) developed forecasts were underestimated, Mamie ac~ 
from a wave in the easterlies. On the 27th celerated much more rapidly than expected 
of September at 0000% this wave was approxi- (twice climatological speeds) after passing 
mately 100 -nm (185 km) east of Guam and was north of 30N. Due to sparse, upper-air 
oriented southwest-northeast from LON to 25N,. reports in the vicinity of the typhoon, 
Within the wave, there were two disturbance analysis and forecast aids did not indicate 
areas. The northernmost area eventually such a rapid acceleration would occur, 
developed when it moved under an upper air Mamie eventually weakened and transitioned 
difluent region. By the 30th, a compact into an extratropical system on 4 October { 
tropical depression was easily noted on sat- 1978, Without satellite reconnaissance it | 
ellite data (Fig. 3-21). Also noted were is conceivable that the compact, Typhoon | 
cirrus cloud streamers showing outflow ex- Mamie would not have made history. 


isted in all quadrants. The first warning on 
TD-23 was issued immediately thereafter. 
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FIGURE 3-22. Typhoon Mamie, remacning compact, 
moving northeastaard while at maximum cntensity of 70 ] 
kt (36 m/sec), 03 October 1978, 01232. (DMSP dmagery) 


FIGURE 3-21, Ingrared imagery of TD-23 (Mamie) at 30 
kt (15 m/sec) antensity, 30 September 1978, 00352, 
(DMSP cmagery) 
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TYPHOON ORA 


During the early part of October, exten 
Sive monsoon troughing existed from the 
South China Sea, across the Philippine 
Islands to an area southeast of Guam. The 
Surface analyses for that period showed a 
combination of strong northeasterlies north 
of the monsoon trough axis and well defined 
cross-equatorial flow into the trough from 
the Southern Hemisphere. The entire area 
was, therefore, ripe for continued tropical 
cyclone development and, indeed, by 0812002, 
Tropical Storm Nina was gathering strength 
east of the Philippines. At about the same 
time an area of convergence about 300 nm 
(556 km) west-southwest of Guam began to show 
increased organization. 


JTWC began to monitor this area using 
satellite and ship synoptic data and issued 
a Tropical Cyclone Formation Alert at 0907072. 
Based on reconnaissance aircraft data at 
0922542 October, the disturbance was up- 
graded to Tropical Storm Ora with the first 
warning valid at 1000002 October 1978, 


The 500 mb analysis at this time showed 
that the mid-tropospheric subtropical ridge 
axis was broken between Japan and the Philip- 
pine Islands, with a high pressure cell cen- 
tered over Thailand and another located near 
Marcus Island. This break was created by a 
deepening long wave trough that was moving 
into the western Pacific from the Asian main- 
land. The circulations of Tropical Storm 
Nina and Tropical Storm Ora also helped to 
maintain this break, 


Computer aids, climatology and the cur~ 
rent synoptic situation supported a northward 


* 
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track; the JTWC forecast showed Ora recurving 
to the north-northeast around the western 
periphery of the high pressure cell that was 
centered near Marcus Island. 


By 1018002, however, it became apparent 
that Ora and Nina were beginning to interact. 
At this time Nina, the dominant system, was 
trying to force Ora to follow a westward 
track, while at the same time the long-wave 
trough, then over the Sea of Japan, was in- 
ducing more northward movement. The net 
effect of these two steering influences 
caused Ora to follow an overall northwestward 
track at a speed of 12-15 kt (22-28 km/hr). 


On the llth, it was apparent that 
Tropical Storm Nina and Tropical Storm Ora 
were engaging in a Fujiwhara interaction. 
Nina would have been expected to move east- 
ward in the classic Fujiwhara style. How- 
ever, because she was the dominant system, 
the axis of rotation was closer to her. 
(Figure 3-23 shows the relative positions of 
Nina and Ora at 1123422.) Instead of moving 
eastward, therefore, she merely stalled and 
then executed two, small loops while causing 
Ora to move west-northwestward. During this 
time period, JTWC continued to forecast Ora 
to cross the southern tip of Taiwan. This 
forecast was based on persistence and ob- 
jective forecast aids which had been veri- 
fying quite well up to that point. Tropical 
Storm Ora then began to show increased or-~ 
ganization on satellite and radar data. 
Aircraft reconnaissance at 1203042 reported 
the first signs of eye formation and a cen- 
tral pressure of 969.6 mb. Post analysis 
revealed that typhoon intensity was reached 
at 1118002. 


FIGURE 3-23, Infrared dmage of Typhoon Ora and 
Tropical Storm Nona during Fujawhara interaction, 


11 October 1978, 23422, 


Post-analusis showed 


that when the feeder band connecting the Qvo cy- 
clones disappeared, interaction ceased and Ora 
Cater turned north,  (DMSP cmagery) 


As Ora approached the east coast of 
Taiwan, hourly radar fixes from Ishigaki- 
Shima, Miyako-Jima and Hua-lien indicated 
deceleration and by 1222002, Ora had slowed 
to 4 kt (7 km/hr). By this time, Tropical 
Storm Nina had evidently weakened to the 
point where she no longer had any major in- 
fluence on Ora's movement. The break in the 
ridge axis then became the controlling factor 
in determining Ora's track. Westward movement 
was forecast, in keeping with the upper-air, 
numerical progs that showed the ridge building 
back. Fortunately for Taiwan, this ridge 
failed to build back and Ora veered sharply to 
the north never making landfall on Taiwan 
(Pig. 3-24). When unexpected, northward move- 
ment was noted, an amended forecast was 
issued, Without constant reconnaissance, it 
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FIGURE 3-24. Hourty radar gcxes show Ora's sud 
den tutn fo the North agter 1212007 October 1978, 
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is conceivable that the change in Ora's move- 
ment would not have been noticed until the 
next scheduled, 6-hourly fix. 


Ora reached her peak intensity of 85 kt 
(44 m/sec) near 130600% October as a compact 
typhoon (Fig. 3-25). By 1318002, however, 
reconnaissance aircraft indicated that her 
central pressure had increased rapidly 
(44 mb in 1? hours) and there was evidence 
that her upper level center was beginning to 
Shear off. By 140000% Ora had weakened to 
tropical storm strength and was accelerating 
to the northeast under the influence of 
strong mid-level westerlies., Tropical Storm 
Ora then merged with the polar front and was 
fully extratropical by 1506002 October. 


FIGURE 3-25, Hua-Lien radar presentatcon of 
Typhoon Ora at 1301002 Oetober sust prior to her 
reachiong mavconam cntenscty., — (Phofeqtaph cour 

fesy og the Centrad Weather Bureau, Tacped, Tacorn, } 
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TYPHOON PHYLLIS 


The tropical disturbance that eventually force winds around Phyllis as she became 
developed into Typhoon Phyllis formed in a extratropical. 
well established, near-equatorial trough 
lying over the southern Marshall Islands on the STR built westward as Phyllis began 
13 October 1978, By 12002 on the ldth, the her track toward recurvature (Fig. 3-26). 
disturbance had moved north-northwest and After recurvature, Phyllis' foward speed 
under moderate upper level divergence which increased dramatically; extratropical tran- 
existed south of a TUTT. Increased organi- sition was complete after 2206002. 
zation of the disturbance was observed on 
satellite imagery at 1421082 and a Tropical Phyllis remained a typhoon for four days 
Cyclone Formation Alert (TCFA) was issued at during which her closest approaci to land was 
1422352 for an area 100 to 350 nm (185-556 40 nm (74 km) northeast of Marcus Island. 
km) north and north-northwest of Enewetak. Her compactness and over-open water track 
resulted in no major reported damage. 
Upper-air data at 1500002 suggested a 
weakness in the subtropical ridge (STR) axis 
near 155E. As the tropical disturbance 
tracked northwestward toward the weakness, 
increasing vertical organization between 
low-level inflow and upper-level outflow con- 
tinued. The disturbance was upgraded to 
tropical depression (TD) status and numbered 
warnings On TD=28 began at 1512002. Phyllis 
remained a tropical depression for 18 hours 
and was upgraded to a tropical storm based 
on aircraft reconnaissance information which 
indicated Phyllis to be a small compact storm 
with small wind radii and therefore virtually 
invisible from synoptic reports alone. 


By the l6éth, the break in the STR axis 
was well established. The dominant high 
pressure center was northeast of Wake Island 
and the secondary center was southwest of 
Iwo Jima. The dominant high slowly streng- 
thened causing Phyllis to accelerate north- 
westward from 6-10 kt (11-19 Km/hr). Simul- 
taneously, the TUTT moved northward allowing 
Phyllis to continue to have excellent outflow 
aloft. In this regime, Phyllis gradually 
intensified to typhoon strength by the 17th 
at 18002. 


When Phyllis finally reached the break in 

the STR on the 18th, the dominant high 

weakened leaving a large col area causing 

Phyllis to drift slowly for a day. Then on 

the 19th, the high pressure system east of 

Phyllis began building to the west which even- 

tually caused Phyllis to slowly accelerate 

northwestward and delayed recurvature for two 

more days. Cooler waters and reduced, upper 

-level outflow weakened Phyllis as she re- 

curved northeastward, Then, north of the STR, 

Phyllis rapidly accelerated under stronger 

than-expected steering currents. Phyllis 

accelerated from 9 kt (17 km/hr) at the ridge 

axis to 45 kt (83 km/hr) in les than 30 

hours. FIGURE 3-26. Typhoon Phullcs at her recurvature 

point, Typhoon Rita on a track Cowird Guam and ¢ 

Increased vertical shear caused Phyllis STR buclds cr between them as noted bu the wea 


to weaken to tropical storm intensity by in the band of showers connecting the due compac 
00002 on the 22nd. Thereafter, the pressure tiphoons, 21 October 1978, 01062, (DMSP cmageru 


gradient between a major surface low moving 
eastward off Japan and the strong surface 
ridge east of Phyllis helped maintain storm 
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TYPHOON RITA 


Rita, 1978's only super typhoon, was 
first detected as a cloud cluster in the 
tropical central North Pacific on the 14th 
of October. Migrating westward, she crossed 
the dateline early on the 16th and by 
1623002 (Fig. 3-27) satellite imagery showed 
increased organization and developing feeder 
band activity. Consequently, a formation 
alert was issued on the system at 1623472 
and six hours later, after continued develop- 

the first warning was issued with 30 kt 
intensity. Thus, Rita was 


ment, 
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detected very early in her developmental 
stages and, based on the availability and 
maximum use of satellite data, a timely 
warning service was provided. 


FIGURE 3-27. Rita, ag she appeared just begore ds 
suance of her girst wvuring, 16 October 1978, 
22452. [DMSP omagery grom AFQWC, Os dutt AFB, NE) 


From the time of the first warning until 
landfall on the Philippines, Rita tracked 
virtually straight westward. The major in- 
fluence on her movement was the unusually 
strong mid-tropospheric subtropical ridge 
that built in over WESTPAC as Typhoon 
Phyllis was recurving. The strength of the 
easterly current south of the ridge steered 
Rita at forward speeds of up to 20 to 23 kt 
(37 to 43 kr/hr); almost twice that of the 
climatological average. As could be anti- 
cipated from her track, JTWC's forecasts 
were consistent and errors were less than 
average. The larger errors were due to 
underestimates of forward speed and initial 
expectations of recurvature similar to 
Phyllis'. During her track across WESTPAC, 
Rita threatened a number of Pacific 
islands and atolls including those in the 
northeastern Marshalls, Enewetak and Guam. 
Rita's track near Enewetak brushed the 
northern tip of the atoll when maximum sus- 
tained winds were 75 kt (39 m/sec). At this 
time, Rita was a very compact typhoon and the 
main island on the southeastern portion of 
the atoll reported maximum sustained winds of 
only 35 kt (18 m/sec) with gusts to 45 kt 
(23 m/sec). By the time Rita approached 
Guam (Fig. 3-28) however, she had intensi- 
fied dramatically to 150 kt (77 m/sec) and, 
therefore, posed a serious threat to the 
island. 


FIGURE 3-28. Rita, at 145 kt (75 m/sec) intensity, 
16 hours begore her closest point of approach to 
Guam, 22 October 1978, 22122.  (DNSP cmagery) 


Rita was forecast to track south of Guam 
and maximum sustained winds expected for the 
center of the island (at Naval Air Station 
(NAS), Aqana) were 70 kt (36 m/sec). Rita 
did indeed track south of Guam as forecast 
but maximum sustained winds reported at NAS 
Agana were only 35 kt (18 m/sec) with gusts 
to 55 kt (28 m/sec). In addition, precipi- 
tation on the island from Rita was unusually 
low. Post analysis reveals that the over- 
estimation of the maximum winds on the 
island was caused by two factors. The first 
factor was that Rita's actual track was 30- 
35 nm (56-65 km) south of the forecast track 
with actual CPA (closest point of approach) 
to NAS, Agana of 85 nm (157 km). Because 
Rita was compact, this 30 nm (56 km) error 
in track meant a large difference in Rita's 
influence on Guam. Had this been the only 
error, sustained winds would nevertheless 
have been over 50 kt (26 m/sec) at NAS, 
Agana. The second factor was the over-esti- 
mation of the over-30-kt (15 m/sec) and over- 
50-kt (26 m/sec) wind radii, These radii 
were based on surface wind estimates from 
aircraft reconnaissance (Fig. 3-29) and were 
forecast to expand. The 2306002 warning 
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If the over-30-kt (15 m/sec) wind radius had 
been 185 nm (343 km), the duration of sus- 
tained 30 kt (15 m/sec) winds would have been 
closer to 19 hours. It was evident that the 
wind field did not expand as forecast. 
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Unlike the relatively mild influence on 
Guam and Enewetak, the Philippines experi- 
enced considerable damage and many lives 
were lost during Rita's passage. Heavy 
flooding was reported throughout many of the 
cities and villages on Luzon, especially 
those just east and north of Clark AB. DoD 
facilities, however, sustained little damage 
in Rita‘s 12-hour passage over central Luzon. 
As she entered the South China Sea, aircraft 
and satellite data indicated that she had 
weakened considerably. 


= 
r 
c 
\“ 
“+ 
4 
F 
r 
A ad 
4 
- 
4 


in contrast to the persistent synoptic 
situation over the Western Pacific which had 
steered Rita ever westward, the large scale 
features in the South China Sea were complex. 
As Rita exited the Philippines, a short- 
wave westerly trough was developing and 
! moving eastward over the Asian mainlend. 
% CAROLINE ISLANDS / The trough created a break in the mid-tropo- 
Wuwusue ; spheric subtropical ridge allowing for a 
crust teantoay ue 7 northward adjustment in Rita's track. Dur- 
4 | ing this same time, however, a surge in the 
northeast monsoon was developing over China 
at low tropospheric levels which tended to 
steer Rita southward. Objective aids lacked 
consistency and reflected the contrast in 


FIGURE 3-29, Pot of aircragt reconnaissance data, the synoptic situation (Fig. 3-30). Even- 
Typhoon positions are noted at 2302002 and 2222222. tually, the northeast monsoon surge proved 
Wind barbs are the estimated surface winds grom the to be the deciding factor in Rita’s movement 
ARWO aboard the aircraft. The tens digit of the and she tracked southwestward toward the 
wind direction <s also plotted with the wind barbs. Vietnam coast and dissipated over water. 
Forecast errors were considerably larger 
showed a 185 nm (343 km) radius for over- during this latter segment of Rita's track. 
30-kt (15 m/sec) winds and 100 nm (185 km) 
radius for over-50-kt (26 m/sec) winds in Overall, Rita was the record setter for 
Rita's northern semicircle, Actual surface the 1978 season. Her track was the longest 
reports from the southern tip of Guam indi- of the season and at her peak intensity of 
cated the over-S0-kt (26 m/sec) radius was 155 kt, aircraft data recorded an 878 mb 
actually only 70 nm (130 km). The over-30 central pressure, only 2 mb higher than the 
-kt (15 m/sec) wind radius was also too large record set by Typhoon June in 1975 (Fig.331). 


as judged by the nine hour duration of sus- 
tained 30 kt (15 m/sec) winds at NASA Dan Dan. 


FIGURE 3-31, Rita, at 150 kt (77 m/sec) intensity, 
6 hours prior to her peak intensity, 24 October 
1978, 23192, (DMSP imagery) 
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TYPHOON VIOLA 


Of the typhoons of 1978, none could be 
considered to be more classic or more well 
-behaved than Typhoon Viola, the last typhoon 
of the season. 


Increased convective activity in the mon 
soon trough about 600 nm (1111 km) southeast 
of Truk was first noticed on satellite data 
at 1321592 November, By 1621422, satellite 
data showed continued development and a Tro- 
pical Cyclone Formation Alert was issued. 
Well-defined, upper atmospheric outflow was 
evident in all quadrants and at 1707102, a 
reconnaissance aircraft reported surface 
winds of 30 kt (15 m/sec) and a surface pres- 
sure of 998 mb. Based on this information 
the disturbance was upgraded to Tropical 
Depression 33 and numbered warnings began 


The mid-tropospheric flow pattern at this 
time was characterized by strong high pres- 
Sure ridging to the north and east of TD-33 
with a weakness apparent in the ridge axis 
near Luzon. This weakness was induced both 
by a deepening long wave trough that extended 
from Siberia south along the coast of China 
and by TD-32, which was at this time off the 
coast of Luzon in the Philippine Sea. 
Although TD-32 was short-lived and never 
intensified above tropical depression 
Strength, it nonetheless was strong enough 
to alter the mid-level flow pattern and 
become a determining factor in TD-33's 
(Viola’s) ultimate movement. 


Under the influence of the strong east- 
erlies south of the mid-tropospheric ridge, 
TD-33 began tracking to the west-northwest 
at 12 to 16 kt (22 to 30 km/hr) toward the 
weakness near Luzon. 


Based on an improved satellite signature, 


TD-33 was upgraded to Tropical Storm Viola at 
1712002. A careful comparison of the satel- 
lite data, along with the aircraft reports, 
indicated that Viola was still not vertically 
Stacked. Late on the 19th, she slowed to 

8 kt (15-km/hr) and this deceleration was 
apparently enough to allow her time to become 
better organized in the vertical. A 1915052 
reconnaissance aircraft confirmed that: the 
surface center was within 5 nm (9 km) of the 
700 mb center; Viola's surface pressure had 


fallen to 977 mb; and, an eye was beginning to 


form. She finally reached typhoon strength 
near 2000002. By this time, Viola had com- 
pletely overpowered TD-32, whose circulation 


was no longer evident on the surface analysis. 


With TD-32 “out ot the way", Viola now had 
access to all available energy and, as a 
result, rapid intensification followed. At 
2112002 she attained her minimum sea level 
pressure of 911 mb and maximum wind speed of 
125 kt (64 m/sec) just 5 kt (2.6 m/sec) below 
super-typhoon strength (Fig. 3-32). Viola's 
tremendous intensification is reflected in 
the ten thousand foot temperatures that were 
reported by aircraft at about that time; 

the outside temperature was 14 Celsius bur 
the inside (eye) was a very warm 29 Celsius 
(with a dewpoint of 16 Celsius). 


Up to this point JTWC's forecasts had 
been verifying quite well. While Viola was 
forecast to cross the northern tip of Luzon, 


the break in the ridge near the Philippines 
was continually monitored and the prospects 
for Viola to recurve were evaluated with 
the issuance of each warning. 


500 mb reports in that area were sparse; 
as a result, the true situation was often 
difficult to evaluate due to the generally 
weak Overall pattern. Available numerical 
progs continued to show the ridge building 
back between Luzon and Taiwan, and as late as 
2100002 the 500 mb analysis, more definitive 
than usual, seemed to support this rebuilding. 


In an attempt to obtain more steering 
level data to augment the sparse land station 
reports, reconnaissance aircraft were re- 
quested to fly at 500 mb in the area directly 
north of Viola. The wind data provided was 
invaluable and confirmed that a definite 
break in the ridge axis existed. The first 
forecast noting a recurvature track was is- 
sued at 220600Z. Subsequent aircraft and 
satellite fixes verified nortnward, then 
northeastward movement. 


After recurvature, satellite data began 
to show that Viola's upper-level center was 
being sheared off from her surface circula- 
tion center. By 231800Z she had weakened to 
tropical storm strength. She weakened rapid- 
ly thereafter; the 2400302 reconnaissance 
aircraft was unable to locate a 700 mb center. 
A weak low-level circulation remained for a 
short time after losing tropical character- 
istics. 


af 


FIGURE 3-32. Infrared image of Typhoon Viola 
nearing her maximum intensity 0f 125 kt (64 m/sec), 
21 November 1978, 09452. (DMSP imagery) 


2. NORTH INDIAN OCEAN TROPICAL CYCLONES surface observations forced reliance on the 


During 1978, four significant tropical interpretation of satellite data for position 
eyelones occurred in the North Indian Ocean and intensity. TC 18-78 made landfall on 
area (Table 3-€). As usual, the transition Burma with estimated, maximum sustained winds 
seasons between the northeast and southwest of 50 kt (26 m/sec). News reports stated, 
monsoon periods were the favored ‘cyclone " the town of Kyaukpyu reported 90% property 
seasons" (Table 3-7). This year's cyclones damage and the coastal village of Narakway 
lived longer than others on record as noted was demolished when estimated peak wind 
by the above-average number of warnings shown gusts of 80 to 100 mph were experienced," 
in Table 3-8. These extreme winds, although estimated, 

could have been produced by squall lines or 

Tropical Cyelone (TC) 18-78 occurred just tornados. 
prior to the start of the southwest monsoon 
season over Southeast Asia. Steering flow TC 19-78 dissipated prior to making land- 
was weak which caused forecasting the speed fall on Bangladesh; no “ground truth" reports 
of movement to be difficule., The lack of were received confirming it's strength. 
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FREQUENCY OF NORTH INDIAN OCEAN CYCLONES BY MONIT AND YEAR 
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A cyclonic wind shift and decreasing 
surface pressures on Sri Lanka were the first 
indications of the tropical disturbance which 
eventually developed into Tropical Cyclone 
20-78. Tracking west-northwest along the 
monsoon trough axis, the disturbance 

landfall over the southern tip of India 66 nm 
(122 km) east of Madura at 18002 on the 3rd 
of November 1978. Still in the formative 
stage, with 20 kt (10 sec) intensity, the 
disturbance tracked westward over southern 
India during the 3rd and 4th with little 
intensification. Property damage was limited 
to, and essentially caused by, flooding on 
the coastal plains. 


made 


After exiting into the Arabian Sea, a 
westward movement at 07 kt (13 km/hr) and 
gradual intensification occurred. Satellite 
data at 0506472 indicated organi- 
zation and feeder formed 
south of the center. JTWC thus issued a 
Tropic Cyclone Formation Alert at 0512392 
is the system moved into the Laccadive 
Islands. During the Sth and 6th, the mid- 
tropospheric subtropical ridge axis shifted 
nerthward from 16N to 20N allowing TC 20-78 
to track more north of west from 0514002 
through 082C002 


increased 
band activity had 


Increased feeder band activity and qood 


outflow aloft indicated that steady intensi- 
fication occurred from the Sth through the 
8th. Tropical storm 1 was attained 


by 0608002 with satellite data revealing an 
th. As indicated by satel- 
imagery on the 7th and Sth, upper-leve) 
nhanced by a channel to the 
strong westerlies existing to the north of 
the cyclone center. Ry 0802002, TC 20-78 had 
reached typhoon intensity according to the 
Dvorak visual satellite intensity analysi 
Evaluation of the cyclone's position and 
intensity estimates provided by the USS 
LaSalle'’s (AGF+3) TIROS-N APT satellite data 
proved to be an invaluable addition to the 
normal DMSP satellite coverage of this area. 


eye early on the 
lite 


outflow was « 


ay che 9th of November, the mid-level 
subtropical ridge axis in the Arabian Sea 
was oriented east-west along 19N. Recur- 
vature around this axis occurred during the 
9th concurrent with TC 20-78's maximum in- 
tensity of 80 kt (41 m/sec) at 0909002. TC 
10-78 then moved northeastward into an area 


66 


dominated by strong westerlies aloft. he 
strong vertical that resulted caused 
the system to weaken to tropical storm 
intensity by 1008002 (Fig. 3-33). By the 
llth, the strong vertical wind shear had 
reducec the cyclone to a shallow system 
noted on satellite spiral bands 
of low clouds and minimum to no deep con 
vection "an exposed low level circvla 
tion". Continued dissipation caused the 
satellite fixes to decrease ita 
conventional data, 


shear 


Imagery as 


accuracy and 
being sparse, aided 


Little in pinpointing the center. As a 
landfall of TC 20-78 on north 
approximated. 


result, the 


west Irdia could only be 


ca 70 
FIGURE 3-33. 


Karache on 10 November 1978 at 06592. The 
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TC 21-76 


Tropical Cyclone 21-78, the 4th cyclone 
of the year in the north Indian Ocean, pre- 
sented forecast problems for JTWC. More 
importantly, however, the small country of 
Sri Lanka suffered one of the worst disasters 
in its history. 


Forecasting problems were related, pri- 
marily, to the paucity of data in the Indian 
Ocean. Reconnaissance aircraft are sot rou- 
tinely tasked on missions in the Bay of Bengal. 
Radar data is practically unheard of, and con- 
ventional data, especially from ships and 
aircraft transitting the Arabian Sea and Bay 
of Bengal, are minimal to non-existent. 
Therefore, almost total reliance on satellite 
data is the rule. Real-time satellite imagery 
of this area is not available at JTwc. 

Data is received at AFGWC, analyzed and reports 
are sent some three to five hours after data 
time. Analysis of TIROS-N, APT satellite 

data from the USS LaSalle was used to sup- 
plement fix data. 


On the 19th of November, an area of con- 
vective activity about 300 nm (556 km) north- 
west of Sumatra began to show increased 
organization, and a Tropical Cyclone Por- 
mation Alert was issued at 07052 on the 20th 
of November. 2005422 satellite data, received 
from AFGWC just after the formation alert was 
issued, showed that a 15 nm (28 km) eye had 
formed and the tropical disturbance was imme- 
diately upgraded to Tropical Cyclone 21~78 with 
maximum winds of 40 kt (21 m/sec). The presence 
of an eye is often indicative of typhoon inten- 
sity; however, because TC 21-78 appeared quite 
compact and also because satellite intensity 
analysis techniques are not specifically designed 
for application to Indian Ocean cyclones, a 
more conservative 40 kt (21 m/sec) was deemed 
more representative of the cyclone's true 
surface intensity. 


Even though synoptic data were generally 
quite sparse, sufficient upper-air reports 
were available to indicate that a well- 
defined mid-tropospheric high pressure cell 
was situated over central India, with stronq 
ridging extending eastward over the Bay of 
Bengal to Southeast Asia. 500 mb winds over 
the east Indian coast were from the northeast 
at 25 to 30 kt (13 to 15 m/sec) at that time. 
Initial forecasts showed TC 21-78 tracking 
slightly north of west, then west. It was 
reasoned that. the west-northwest track would 
be forced more westward as the cyclone came 
under the influence of mid-level northeasterly 
steering flow nearer the Indian coast. 


The mid-level northeasterlies apparently 
extended considerably further into the Bay 
of Bengal than analyzed, because TC 21-78 
actually moved west-southwest at 5 to 7 kt 
(9 to 13 km/hr) for the next 48 hours (Fig. 
3-34), continued to intensify slowly and 
reached typhoon intensity by 2208002 
November. 


During the subsequent 48-hour period, 
the high pressure cell over central India 


migrated eastward into the Bay of Bengal to 
a position north of the cyclone. Northerly 
500 mb winds reported by stations along the 


FIGURE 3-34. Ingrared image of TC 21-78 at 50 kt 
(26 m/sec) antenscty moving slowly towird Sri- Lanka, 
Zt November 1978, 05422. (DMSP cmagery grom AFRUC, 
Oggutt AFB, Nebraska as received by FWE Suctland, 
Maryland) 


west coast of India were the first clue that 
still another high pressure cell had devel- 
oped over the Arabian Sea. TC 21-78 reached 
the southernmost point of its track at 
2208002 and thereafter began to move to the 
west-northwest toward a weakness between the 
Arabian Sea and Bay of Bengal highs. 


The system continued to intensify and 
made landfall on the east coast of Sri Lanka, 
near Batticaloa, with maximum sustained winds 
of 95 kt (49 m/sec), at 2314002. At 2312002, 
Batticaloa had reported a surface wind of 
85 kt (44 M/sec) from the north. TC 21-78 
crossed Sri Lanka in slightly over 12 hours 
and exited into the Gulf of Mannar (near the 
city of Mannar) on Sri Lanka's west coast 
(Fig. 3-35). 


With max winds reduced to 45 kt (23 m/sec) 
due to the terrain effects of Sri Lanka, the 
cyclone then struck the southern coast of 
India north of Tuticorin weakening still 
further to 30 kt (15 m/sec), before it moved 
into the Arabian Sea north of Cochin. 


From 2400002 to 280000% a basic north- 
westward track was evident. The key to 
understanding this movement can be found by 
examining the 500 mb analyses during that 
period. The high pressure cell that was 
over the Arabian Sea moved eastward into 
central India, then shifted east-southeast- 
ward into the Bay of Bengal. 500 mb reports 
from Sri Lanka and southern India at 2512002 
showed 20 to 25 kt (10 to 13 m/sec) winds 
from the southeast, which supported the 
cyclone's northwest movement. 


ee er 


TC 21-78 did not reintensify signifi- 
cantly after its passage across Sri Lanka 
and India. (It was expected to reintensify 
once it was again over warm water, but re- 
intensification was slight and the system 
never again developed above tropical storm 
strength.) By 2706002 the cyclone's upper 
level center began to shear off from its 
surface center and satellite data revealed 
only low-level cloudiness signifying a low- 
level circulation. Warnings continued on 

the cyclone until 2908002 because it was felt 
that regeneration was still possible. By the 
29th, satellite data indicated that TC 21-78 
had weakéned to the point that it was no 
longer a significant tropical circulation. 


TC 21-78 was one of the most destructive 
storms of the year in either the Indian 
Ocean or West Pacific. Approximately one 
thousand people were killed and thousands 
of acres of crops were destroyed in Sri 
Lanka by the cyclone's winds, rain, and 
associated storm surge. In southern India 
only 10 people were killed; however, eighteen 
to twenty-five foot waves produced by the 
storm surge submerged 45 villages. Luckily, 
because of ample advance warning, the in- 
habitants were evacuated in time. 


FIGURE 3-35. TC 21-78 Located over north-central 
Sri-Lanka, 24 November 1978, 01182. (DMSP imagery 
from AFGWC, Offutt AFB, Nebraska) 


3. CENTRAL NORTH PACIFIC TROPICAL CYCLONES well-defined and that 1978 was a record year | 
for the number of tropical storms and hur- | 


The Central Pacific Hurricane Center ricanes. This season not only set a record ; 
(CPHC) personnel saw 1978 as the most active number of occurrences but also produced a | 
tropical cyclone year on record for their cyclone with an exceptional length of travel | 
area Of responsibility (north of the equator and persistence of hurricane intensity (Fico), { 
1 from 140W to 180). Table 3-9 details the as well as one of the two most intense hur- 
j seven tropical cyclones that either formed in ricanes on record in the central Pacific 
the central Pacific area or moved in from the (Susan). Table 3-11 is a warning summary for 
eastern Pacific area. Table 3-10 shows the the central North Pacific. 


central Pacific tropical cyclone “season" is 
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Warning period while in central Pacific area. 

Cyclones that formed in the central Pacific area; all others began in the eastern Pacific area. 
Tropical Depression 10A was given the "A" suffix to clarify its individuality when Tropical 
Depression 10 formed in the eastern Pacific area. 


Overlapping days included once in sum. 


TABLE 3-10. 
FREQUENCY OF CENTRAL PACIFIC STORMS BY MONTH AND YEAR 
(NUMBERS IN PARENTHESES INDICATE STORMS REACHING HURRICANE INTENSITY) 


YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP oct NOV DEC ‘TOTAL 
1967 0 0 0 0 0 0 0 0 0 1 0 0 1 
1968 0 0 0 0 0 0 0 2 0 ) 0 0 2 
1969 0 0 0 0 0 0 0 0 0 0 0 0 0 
1970 0 0 0 0 0 0 0 1 0 tt) 0 i) 1(1) 
1971 tt) 0 0 0 0 0 1(1) 1 0 0 0 0 2(1) 
1972 0 0 0 0 0 9 0 3(1) 1 0 0 0 4() 
1973 0 0 0 0 0 0 1(1) 0 0 0 0 0 Ad) 
1974 0 0 0 0 0 0 0 2q)) 0 0 0 0 2) 
1975 0 0 0 0 0 9 0 0 0 0 0 0 0 
1976 0 0 0 0 0 0 0 0 1(1) 0 0 0 1(1) 
1977 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 0 0 0 1Q) 4(Q) 0 1qQ) 0 0 6(3) 
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TROPICAL DEPRESSIONS 
TROPICAL STORMS 
HURRICANES 


TOTAL TROPICAL CYCLONES 


Hurricane Fico, 9-28 July, wa3 the 
longest lived and most intense eastern Paci- 
fic cyclone of historical record. Fico 
reached hurricane strength at 11l degrees 
west longitude and maintained winds in ex- 
cess of 65 kt (33 m/sec) for 18 days while 
traveling 4,200 miles (6758 km) westward to 
176W, near Midway Island. Although Fico's 
maximum intensity of 115 kt (59 m/sec) 
occurred just prior to entering the central 
Pacific (140W), Hurricane Susan, in October 
attained winds of 120 kt (62 m/sec) while 
360 miles (579 km) southeast of Hilo, Hawaii, 
making her the strongest tropical cyclone 
ever observed near the Hawaiian Islands. 


Hurricane John and Tropical Storm Kristy 
were named .at the same time, 0000 GMT, 19 
August 1978, while in the eastern Pacific. 

At this time Tropical Storm Lane was centered 
further west than the others, thereby ex- 
plaining why it entered the central Pacific 
out of alphabetical order. 


GOES-3 imagery (Fig. 3-36) depicts three 
cyclones; John, Kristy, and Miriam. At the 
time of this satellite photograph, John was 
at tropical storm intensity and subsequently 
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weakened further and meandered west-south- 
westward to 170W. 


With the demise of Tropical Storm Mirian, 
the Honolulu staff felt that the central 
Pacific season was likely over. But on the 
18th of October, a suspicious area southeast 
of Hawaii rapidly developed into a full- 
fledged tropical storm. This was the capri- 
cious Susan, the last storm of the season, 
Susan attained tropical storm intensity at 
precisely the same location where the first 
eastern Pacific storm of the season, to 
threaten the central Pacific area, Bud, dis- 
sipated; near. 10N-145W. Continuing to inten- 
sify, by the 2lst, Susan became one of the 
two most intense hurricanes on record in the 
central Pacific. Maximum sustained winds of 
120 kt (62 m/sec) equaled those attained by 
Celeste in August of 1972. Figure 3-37 de- 
picts Susan at 2200162 during peak intensity 
while a very real threat to the Hawaiian 
Islands. After reaching a point 220 nm 
(408 km) southeast of the Big Island, however, 
Susan turned sharply to the southwest, very 
rapidly dissipated, and luckily the Hawaiian 
Islands were once aqain spared, 


An individual summary of Hurricane Fico 
follows. 
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CHAPTER IV = SUMMARY 


1. ANNUAL FORECAST VERIFICATION 


a. Western North Pacific Area 
Forecast positions at warning times 
and 24-, 48- and 72-hour valid times were 


verified aqainst corresponding best tracks 
and vector errors and right angle errors were 
calculated (Table 4-1). Annual, mean errors 
are listed in Table 4-2 for comparison. Fre- 
quency distributions of the vector errors of 
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OF FORECAST VERIFICATION 


the 24-, 48- and 72-hour forecasts on all 
1978 cyclones are shown in Figure 4-1 and 
annual, mean vector errors are graphed in 
Figure 4-2. Previous reports have shown a 
graph of the annual, mean vector errors for 
typhoons when best track intensity at verify- 
ing time was 35 kt or greater. This, subset, 
error graph is shown in Figure 4-3. Mean 
vector errors shown in Figure 4-3 are lower 
than those depicted in Figure 4-2; nonethe- 
less, similar trends are evident from year to 
year. 


FORECAST ERROR SUMMARY FOR THE 1978 WESTERN NORTH PACIFIC SIGNIFICANT TROPICAL CYCLONES. 


48 HOUR 
ANGLE 
ERROR 
—— 


72 HOUR 
FCST RT ANGLE 7 


ERROR ERROR WRNGS 


CST 
ERROR 
ee 


16 
32 
12 


568 
224 
139 


381 
129 


980 
328 
208 


708 
215 
97 


657 
399 
328 
410 
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263 
514 


ANNUAL MEAN FORECAST ERRORS FOR THE WESTERN NORTH PACIFIC. 
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FIGURE 4-1. Frequency distribution of 1978 , 48-, and 


ropccal cyclones cn the western North Pacdcécc. 
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FIGURE 4-2. Annuad mean veetor errors (nm) gor ad cyclones in 
the western North Paccgce. 
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FIGURE 4-3. Annual mean vector errors (mm) for western North Pacdcgce 
typhoons only when best track intensities were greater 
than 34 knots at time of veri<ication, 


Intensity verification statistics 
for all significant, tropical cyclones in the 
western North Pacific area are depicted in 
Figures 4-4 and 4-5. The average absolute 
magnitude of the intensity error as well as 
the intensity bias (algebraic average) are 
graphically depicted. An analysis of the 
errors indicates that JTWC intensity fore- 
casts often lag the true intensity; in an 
intensifying situation, JTWC underforecasts, 
and in a weakening situation, JTWC over- 
forecasts thereby causing large average maq- 
nitude error but small average bias. Objec- 
tive intensity forecasting aids verification 
is also depicted in Figures 4-4 and 4-5. 

(An explanation of the objective forecasting 
aids can be found in this chapter, Section 2 
- Comparison Of Objective Techniques.) It 

is interesting to note that the objective 
intensity forecasting aids consistently over- 
forecast by approximately 10 knots. 
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FIGURE 4-4, Comparison of average intensity errors 
(magnitude) for al cyclones in the western North 
Pacific. 
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FIGURE 4-5, Comparison of average intensity errors 
(béases) for all cyclones in the western North Pacisic. 


b. North Indian Ocean Area 


Forecast postions at warning times 
and 24- and 48-hour valid times were verified 
by the same methods used for the western 
North Pacific area verification. Table 4-3 
is the forecast error summary for the four 
significant tropical cyclones in the North 
Indian Ocean area. Table 4-4 contains the 
annual average of forecast errors back 
through 1971. Vector errors are plotted in 
Figure 4-6. 


Forecast intensities were not veri- 
fied, 


FORECAST ERROR SUMMARY FOR THE 1978 NORTH INDIAN OCEAN SIGNIFICANT TROPICAL CYCLONES. 


WARNING 24 HOUR 48 HOUR 


a 
POsIT RT ANGLE “6 FCST RT ANGLE 7 FPCST RT ANGLE 7 


CYCLONE ERROR ERROR WRNGS ERROR ERROR WRNGS ERROR ERROR 
ae SSS et eee eee ee 


18-78 55 51 88 41 45 
19-78 35 25 203 183 
20-78 54 25 ‘ 165 101 
21-78 ae 18 104 62 


ALL FORECASTS 41 25 133 86 


TABLE 4-4. ANNUAL MEAN FORECAST ERRORS FOR THE NORTH 
INDIAN OCEAN (THE ARABIAN SEA WAS NOT 
INCLUDED PRIOR TO 1975). 


24-HR 48-HR 
VECTOR RIGHT ANGLE VECTOR RIGHT ANGLE 


232 410 - 
224 292 112 
182 299 160 
137 238 146 
145 228 144 
138 204 159 
122 292 214 
133 202 128 


INDIAN OCEAN FORECAST ERRORS 
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FIGURE 4-6. Annual mean vector errors (nm) for all cyclones in the North Indian Ocean, 
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2. COMPARISON OF OBJECTIVE TECHNIQUES 
a. General 


Objective techniques employed by 
JTWC are divided into four main categories: 
(1) climatological and analog techniques; 
(2) extrapolation; (3) steering techniques; 
and, (4) a dynamical model. The analog tech- 
nique provides three movement forecasts, one 
for straight moving cyclones, one for re- 
curving cyclones and one combining the tracks 
of straight, recurving and cyclones that do 
not meet the criteria of straight or recurv- 
ing analogs. All techniques were executed 
using the operational data available at the 
warning time. 


b. Description of Objective Techniques 


(1) TYFN75 - Analog program which 
scans history tapes for cyclones similar 
(within a specified acceptance envelope) to 
the current cyclone. Three 24-, 48~, and 
72-hour position and intensity forecasts are 
provided. 


(2) MOHATT 700/500 ~ Steering pro- 
gram which advects a point vortex on a pre- 
selected analysis and smoothed prognostic 
fields at designated levels in 6-hour time 
steps through 72 hours. Utilizing the pre- 
vious 12~hour history position, MOHATT com- 
putes the 12-hour forecast error and applies 
a bias correction to the forecast position. 


(3) TCM ~ Tropical Cyclone Forecast 

Model is a coarse mesh (220 km) PE Model, 
with the digitized storm warning position 
bogused at the 850 mb level of the FNWC 
Global Band Analysis utilizing wind and 
temperature fields. Boundary conditions 
permit no mass transfer across north or 
south walls, and east/west boundaries are 
cyclical. 


(4) FCSTINT - Intensity forecast 
program which utilizes statistical regres- 
sion equations to provide 24~, 48-, and 72- 
hour forecast intensities. 


(5) 12-HR EXTRAPOLATION ~ A track 
through current warning position and 12-hour 
old preliminary best track position is 
linearly extrapolated to 24 and 48 hours. 


(6) HPAC - Mean 24 and 48 hour fore- 
cast positions are derived by averaging the 
24 and 48 hour »vositions fron the 12-ER 
EXTRAPOLATION track and a track based on 
climatology. 


(7) INJAH74 - Analog program for 
North Indian Ocean. Similar to TYFN75, 
except tracks are not segregated, 


(8) TYAN ~ An updated analog program 
which combines TYFN75, INJAH74, and other 
analog programs for the remaining northern/ 
southern Pacific Ocean areas and the South 
Indian Ocean. 


(9) CYCLOPS - An updated version of 
MOHATT program which has the capability to 
select steering forecasts at the 1000, 850, 
700, 500, 400, 300 and 200 mb levels. 


c. Testing and Results 


A comparison of selected techniques 
is included in Table 4-5 for all western 
Pacific cyclones and Table 4-6 for Indian 
Ocean cyclones. In Tables 4-5 and 4-6 
"X-AXIS" refers to techniques listed hori- 
zontally across the top, while "Y~AxIS" 
refers to techniques listed vertically. The 
example in Table 4-5 compares COMB to MH70. 
In the 407 cases available for comparison 
the average 24-hour vector error for COMB 
was 139 nm, while that for MH70 was 140 nn. 
The difference of 1 nm is shown in the lower 
right. (Differences are not always exact 
due to computational round off.) 
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OFFICIAL JTWC FORECAST 
ANALOG 

MOHATT 700-MB PROG 

MOHATT 500-MB PROG 

12-HOUR EXTRAPOLATION 

MEAN OF XTRP AND CLIMATOLOGY 
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CHAPTER V — RESEARCH & DEVELOPMENT SUMMARY 


1. GENERAL 


Part of the mission of the Joint 
Typhoon Warning Center is to conduct applied 
tropical cyclone research as time and re- 
sources permit; the objective of this 
research being the improvement of opera- 
tional forecasts. This year, due to the 
installation of the Naval Environmental 
Display Station (NEDS), the JTWC staff 
devoted considerable time and effort in con- 
verting and updating operational programs 
and streamlining operational procedures for 
compatibility with the NEDS. The following 
abstracts summarize the year’s research and 
development projects completed or still in 
progress. 


2. TROPICAL CYCLONE MINIMUM SEA LEVEL 
PRESSURE - MAXIMUM SUSTAINED WIND 
RELATIONSHIP 


(Shewchuk, J. D and Lubeck, O. M., 
FLEWEACEN/JTWC) 


The pressure-wind relationship devel- 
oped by Atkinson and Holliday, Tropical 
Cyclone Minimum Sea Level Pressure - Maximum 
Sustafned Wind Relationship for Western 
North Pacific (FLEWEACEN TECH NOTE: JTWC 
75-1), is a primary tropical cyclone inten- 
sity determination tool used for JTWC opera- 
tions. The current research is an attempt 
to update and refine the Atkinson and 
Holliday study using the original data plus 
new data from 1975 to present. The current 
regression equation will be re-evaluated 
using new cases as an independent data set. 


3. EQUIVALENT POTENTIAL 
TEMPERATURE/MINIMUM SEA LEVEL PRESSURE 
RELATIONSHIPS TO FORECASTING TROPICAL 
CYCLONE INTENSIFICATION 


(Hassebrock, A. W. and Dunnavan, G., 
FLEWEACEN/JTWC) 


The relationship between equivalent 
potential temperature at 700 mb in the cen- 
ter of developing tropical cyclones and 
associated intensity changes was first 
explored by Sikora (ATR 1975) with a follow- 
on study by Milwer (ATR 1976). These two 
studies produced conflicting results, but a 
subsequent study by Hassebrock (ATR 1977) 
showed that there was a relationship between 
changes in equivalent potential temperature 
and subsequent changes in tropical cyclone 
intensity. The tropical cyclones of 1976-78 
have been used to evaluate the relationship 
and there is evidence that the techniques 
developed by Hassebrock have some merit. 

In order to widen the data base, the tech- 
niques will be evaluated for the 1979 tropi- 
cal cyclone season, and also for tropical 
cyclones occurring prior to 1976. 


4. OBJECTIVE TROPICAL CYCLONE INITIAL 
POSITIONING WITH A WEIGHTED LEAST 
SQUARES ALGORITHM 


(Lubeck, 0. M. and Shewchuk, J. D., 
FLEWEACEN/JTWC) 


Recent studies indicate tropical 
cyclone forecast errors through 72 hours 
can be reduced by more accurate initial 
warning position estimates. This study 
is an attempt to develop an objective and 
standardized method of determining initial 
position based on all available fix infor- 
mation and their respective accuracies. 
The method employed is a least squares fit 
to the available fix data with a weighting 
scheme which is inversely proportional to 
the stated fix accuracies. This method 
can also be extended to objectively deter- 
mine tropical cyclone best tracks. 


5. ESTABLISHMENT OF THE JTWC TROPICAL 
CYCLONE DATA BASE 


(Curry, W. T., FLEWEACEN/JTWC) 


A data base of climatological data 
related to each tropical cyclone in the 
western North Pacific, Arabian Sea and Bay 
of Bengal from 1966 through 1978 is being 
established on FNWC computer mass storage 
systems. Included are 6-hour best track 
positions (intensities, direction and 
speed of movement); 24~, 48-, 72-hour ob- 
jective technique forecasts and official 
forecasts of JTWC; and tropical cyclone fix 
data (position, intensities, platform, etc.). 
This data will be maintained on disk and 
tape files at FNWC Monterey, California and 
updated annually. 


6. NEDS/COMPUTER APPLICATIONS 


(Staff, FLEWEACEN/JTWC) 


The advent of the Naval Environmental 
Display Station (NEDS) at FLEWEACEN Guam has 
provided the JTWC access to the large 
general purpose computer system at FNWC. 
Impact of the NEDS on operations at the JTWC 
has been studied and a NEDS implementation 
plan has been drawn up which includes exist- 
ing operational requirements as well as 
future capabilities allowed by the NEDS. 


Considerable automation of time con- 
suming computational tasks has been accom- 
plished with computer programs written to 
execute at FNWC. Existing post-analysis 
programs originally coded to execute on FWC 
Guam's CDC 3100 computer have been converted 
to execute at FNWC. In addition, numerous 
new features have been added to the programs. 
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NEDS graphics capability is being 
developed to depict forecast tracks from 
objective techniques. Establishment of a 
tropical cyclone data base on FNWC mass 
Storage devices has been initiated and con- 
tract work has resulted in conversion of 
JtTwe's objective techniques to execute on 
FNWC computers. Considerable effort has 
been expended to evaluate and monitor the 
program conversions. 


7. BASIC STREAMLINE ANALYSIS AND TROPICAL 
CYCLONE FORECASTING TECHNIQUES GUIDE 


(Guay, G., FLEWEACEN/JTWC) 


A case study taken from an active tropical 
cyclone period has been initiated. The study 
will be worked inte a quide to train new 
assignees in streamline analysis and the use 
of all available tropical cyclone forecasting 
techniques, The guide will also be used in 
STORMEX training (training scenarios for 
Det 4 HQAWS, 54 WRS, JTWC and AJTWC personnel). 


8. STATISTICAL EVALUATION OF JTWC 
OBJECTIVE TECHNIQUES 


(Lubeck,. O. M., FPLEWEACEN/JTWC) 


Present forecast aids ased by the 
typhoon duty officer include many objective 
techniques. Little information beyond annual 
average errors, however, is known about the 
techniques. A statistical eveluation is 


being accomplished in hopes of finding sys- 
tematic biases and confirming/denying pre- 
vious subjective determinations. 


9. JTWC FORECAST CONFIDENCE 
STATEMENTS 


(Hassebrock, A. W., Thli, C. B., Jr. ane 
Lubeck, O. M., FPLEWEACEN/JTWC) 


JTWC developed and implemented procedures 
for computing objective, probability confi- 
dence statements as a result of requirements 
stated at the 1978 Tropical Cyclone Confer- 
ence. Forecast error probabilities were ap- 
pended to Prognostic Reasoning Messages during 
the 1978 season. An evaluation of these con- 
fidence statements and Strike Probability 
Program (STRIKP) information (provided by 
NEPRF and FNWC Monterey) was performed and 
published in the 1979 Pacific Command Tropical 
Cyclone Conference Proceedings Report. 


10, THE TRANSITIONING OF TROPICAL 
CYCLONES TO EXTRATROPICAL CYCLONES 


(Guard, C. P., FLEWEACEN/JTWC and Brand, 
Samson, NEPRF) 


Results of the examination of the rfost- 
recurvature transition of tropical cyclones 
to extratropical cyclones were publishea as 
NAVENVPREDRSCHFAC Technical Report TR 78-02. 
Extratropical Storm Evolution from Tropical 
Cyclones in the Western North Pacific Ocean 
in July 1978. Capt. Guard, now of AFGWC, 
Offutt AFB, NE, presented further results at 
the 12th Technical Conference on Burricanes 
and Tropical Meteorology in April 1979 at 
New Orleans, LA. His report was entitled 
The Intensity of Recurving Western North 
Pacitic Tropical Cyclones: A New Look. ; 
During 1979, the JTWC staff will be evaluating 
the rules-of-thumb generated from the research 
results. 


ANNEX A = TROPICAL CYCLONE TRACK DATA 


1. WESTERN NORTH PACIFIC CYCLONE TRACK DATA 
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231029 15.2N 115.%E PCN 
231210 15.0N 11267E PEN 
231249 14,5N 114-3E PCN 
232310 I5.7N 11364E PCN 
232350 16.3N 112.96 PCN 
232350 «146,3N 113.0€ PCN 
260403 16.0N 113-3E PCN 


2ND 43,0" 120,7€ 15,0 122.76) 


cl uP 


ek or 
SCENT FENKE CE NOY CUNne 


T200/260 /0045/28HRS APPARENT LOW LvL CIRCULATION 


T200/2.0¢/50.0728HRS 


T2057205 /0065/22HRE 
1205/2 652/0045/21 HRS 
1320/30 


2ND 17.6 123.7E 17.9N 112.98 
INIT 035 
BETTER: OPGANT7E0 


VEY NANA RAN ARN 
NeEStEneUeune 


Ce ee ee 


33° 261151 16.9N 11262E =PCN CI w0en 

3% 201151 1761N 11264E PCN Ousea7 fa 
3> 261845 7.6m 11167E = PCN Ouseas tS 
36 26225) 17.9N 11162E PCN T3007300-/0045/26HRS DMSPzT fe 
37 202251 17.9N 11162E 9 PCN Ouse37 «= SECONDARY AT 1H.8N 11061€ \: 
38 262332 18,2 121.0E PCN OMgP 36 H 
39 250345 17.9m 119-4E 8 PCN Dusp3as F 
4u 250345 1A.5N 199.5€ PON Omse3s * 
#1 251132 18.9N 109.0E PCN Ose 47 Yi 
42 251132 17.8n 108.7E PCN Ouse37) CI suP 

43 251215 13.3N 199.1E PCN DMsP 76 h 
4% 251527 18.9% 19A.3E PCN OusP35 

435 25223) 1962N 107-6E PCN T2007205=/H0e5/23HRS ~=OMSPI7 

#0 260058 17.9N 197.2E PCN 1305 7305"/0005726HRS DMSP3H «=— RAGUED. EVE 

47 260327 17,9N 197,0€ PCN Duseas 

3 #8 261112 17.5N 1n6.SE PCN Ouse37 
49 261112 17.6N 195e3E PCN Ouse a7 
50 261809 17.7N 196-4E PCN Duseas 
aTICRaFT FIXES 

FIR Time) FIX FLT MIN 08S MaAx-SFCe¥vD MAX=FLT“LVL<dNn ACCRY Eve EYE ORIEN- Ewe TEMP! (cc) “Sy 
NOs (2) POSITION uve NGT MSLP VEL/BAG/RYG DT8/VEL/BRG/ANG NAV/MET SHaPE DISM/TATION OTs IN/ DeysST NO, 

b 210122 13.5N 128.8E€ 1500FT 1001 15 040 50 190 18070 2p S$ 20 EtLIPTICaL 360 *@5 ¢23 +23 27 1 

2 210152 23.2N 12A.0€ 1500FT 070 12 310 420 710° 9 1 

3 212256 14.7% 125.26 1500FT 995 20 090 2465 189 26 100 260 65 2 25 ¢25 +23 27 2 

* 220251 14.9N 124.2E 1500FT 995 25 100 165 1Ao 23170 165 & 6 °25 028 623 28 2 

5 221542 15.6 121.9E 700MB 3099 ool ono 20 350 1n 2 5 CIRCyLAR 15 10 elo elo 3 

6 230200 15.3N 115.7E 7oOMB 3056 25 080 210 159 33 080 din elle 9 ry 

7 230337 14.6 115.2E 700MB 3049 996 10 120 190 219 25 120 lon 4 5 e10 elo * 9 6 

8 230958 14,9N 115-8— 7oOMB 2031 994 $0 090 20 180 37090 28 3 & “13 01S 6 7 5 

9 231658 15,3N 115.3E TOMB 3019 992 350 19 270 15 lo 3 e412 015 12 5 

10 232137 15.6N 114.2E 7n0Me 3046 995 210 53130 50 5S & ELLIPTICAL 29 15 150 #10 #13 elo 6 

Ah 232137 15.6N 11462E Toombs 3046 35 050 85 210 53 110 So #13 *1lo 6 

12 260049 16e0N 129-7E = 70068 6 


TYPHOON LOLA 


Sarern teh Fixes 


Fix time Fre 
NOe (2) Posi ros accay UVD2IAK CONE Sal CoaMeNTS srre 
. 1 202045 YeIN 144,08 PON D> TUeO/00 Owseas INL} a5 PGlw 
@ 210925 19,9N 16AWIE =—PON OO Owse af = BASCU JIN POSS 1 LCC Pale 
3 2rheh>d —9,9N 166,1E POV O Ouse as Gla 
© 212243 11,3N 142.8E = PON © THe0/M00 /506072KHRS = OMSP aK oGTw 
> 271357 4eON 161.8E POND Ouseas Gta 
& 231107 11,0N 1329,3F 8 PeN D> Duce in Pole 
- 4 242208) 12,7N 14766E = =PON DD Thed/100 Deshin INE 29S SECONDARY 1164N 13665E PGIa 
3 240222 12,1N T7KGE POND OusPas PGTa 
% 2eiOlu 12,2 134,2E Perv Dwgear Cl uP PGle 
du 2e1010 12.6N 134,6€ 8 8=POND Owsp a7 RPMK 
q 1h 261050 12.6N 133.9E POND Ouse as PGla 
42 261903) LA.5N 13901E PEND Ouse as Gla 
13 261303) LAeem 1UHW1E POND . Deseas RPMK 
18 262109 LISTN LAVCTE = PON 9) 12057705 /D105/23HRS = OmSh aT PGTa 
q b> ¢e¢332 Lath 131.7E PeN > ~Oesean = BASCU IN CR BANDS PGla 
16 250206 LION 130,5E PON > Ouse PGTa 
a7 25020@ 12,48N 13N.HE = PON 3 Tha 07200 Dwseas IN RPMK 
1d) 250950) 17,0N 179,66 PON > Ouse a7 cl uP PGla 
19 250950 11,.7N 179,5— PON © Owgea? = MuLIl C3 LINES RPMK 
22 251225 12,1N 179,6E PON > DMse an PGTa 
2b 251215 1129N 129,8F PONS Ouse an aPmK 
22 251946 12628 129,0E POND Ouspas PGlTa 
23 25223) 17 62N 12H GE = PON 9 1605726547500 0725HRE DMSO RZ Pole 
26 252231 12.7N 175,9€ PON D2 12057205 /00035720HRS = OmSH as ROMK 
23 252315 12,39N 128,hE 8=PCN OD Oucpan PGTa 
26 260327 127.9N 125,9E PENS Ouspas 
27 261112 13.9N 124,7E PrN > Omsear 
‘ 28 2611l2 1261N 176.7E PON > Ouseas 
29 261157 12,9N 124.56 PONS OusPin = CAP PGTa 
30 2n1428 13.60N 174,9F POV Owseas RPMK 
Si 261426 =13.3N 12746,0E PCN > Ousrrs Pole 
32 26221} 1365N 122,1E PCN 3 13507300 Owseay) INI 035 RKSO 
33 262212 3 13.3N 177,4E = PON 313057305 /D120724HRS = OmSH 47 RPMK 
i 3 262212 13,4N 127,5E PON > 173.573,5 /D1.072eHRS = OmgP 47 PGTw 
- 33 262258 13.46N 127,4€ PCN ® Dus 4 PGta 
36 270310 1368N 12167TE PCN 3 THe074.0e/01-0726HKS = OMSP AS RPMK 
34 270310 13.7m 172.7E Pon 3 OMse 4s Potw 
38 270310 13,9N 171,7E PONS 12.077.0 umsPas—COINIT OHS 
39 271053) 14,3N 120.2E Pon 3 Ouse y7 
40 271053) 14,1N 120.4E Pen 3 Omsea7 
41 271160 14,.6N 119,9E PON @ Ouse an 
42° 271140) 14.5N 170.2E Pow > Dusran RPMK 
43° 271551 14.9N 119.2—E PCN > Omspys = Cl UP RPMK 
4% 272152 14.5N 117.9E PCW > OuseaT PGTw 
#> 272152 15.0N 118.9E FON © Osos RPMK 
40 272152 14.5N 118.8E PoN > OMSP ah ROON 
47 280022 LAs IN 11R8,2E Pow o DMSP 36 RPK 
4d 280252 1564N FITCLE «= PON 4 13057365 e/S000/29HRS = OMSP AS RPMK 
49 280252 15.5N 117.3E PCN 3 1305/7305 /S060/29HRS 9 DMSPAS Potw 
S50 281033 15,7N 114,6E Pon 3 Ouse? INUISTENCT Eve PGT 
Sl 281033) 15.4N 114,.5€ Pow 3 Duse37 ROON 
S2 261308 14.2N 116.6€ PCN > OmusP aA RPMK 
93° 2R1534 1669N 116,0E Pon 3 OmsP as Pota 
5S@ 282316 14,7N 115,0E PON b 14657665 /0160/20HRS DMSPRT RPMK 
D> 290006 146,7N 114.9— Peon 1 Omsr an RPMK 
56 290006 16,.5N 114,7E€ PON Lo 14.57465 OmsP 34 INII J35 ROON 
ST 299236 15.63N 114,6€ Pon 3 Ouse as Pola 
4 58 290416 16.5N 114,6E Pon I OMsP as EYE EXPANDING 374 DEG CreCuL aR RPMK 
59 291246 17,0N 112,9E POV DMSP ah RPMK 
~4 60 291516 17,1N 113,18 Pov i Ouse as PGTw 
61 291516 16,.9N 113,06 Pc i Omse aS ROON 
62 292255 17.1N 113.2E PON 1 1305/7565 /D160/24HKS = OMSHa7 . RPMK 
63 292255 17,2N 119.0E PCN 1 15007520 /0065722HRS MSP a7 ROON 
6% 292347 L7,tw 123.1E PON 1 74657465 DusPas INL) Jas PGTa 
6> 300358 17.6N 112.7E PON 1 Ouse ay RPMK 
66 301136 19.1N 112.4€ Pew Ousea7 RPMK 
67 301136 1A.ON 112.6€ Pov 4% OMse37 ROON 
6d 301640 18.6N 117.26 PCN I OMse 45 RPMK 
4 69 302235 19,7N 11167E POW L 14057465 Owshq? = INI) Dds RKSO 
TO 302235 = 1A.9m 111.7E PON 3) T4e0/5.0-/W1eO/24HRS = OMSPR7 ROON 
71 372329 18,5N 1)2,0E Pen 3 OmsPaR = ENGE UF MATA PGtw 
72 010130 1A,7N 117.0€ PCN 1 1505/505-75060726nRS 9 DMSPaA RPMK 
73° 010360 19,1N 111.9E PCN 1) OMSP35 RAGOED EVE RKSO 
7% 010340 19,0N 111,3E PCN 6 OusP as ROON 
75 O11116 19.6N 110,.5E PCN S Ousea7 RODN 
76 011216 1964 119-5E PCN 1 OMse 37 : RPMK 
TT OLL2R2 1965N 11067E Pont DMSP aA EXTHEME FUGE OF DATA eGte 
78 011622 19.8N 119.6€ Pov 6 Ouse as ROON 
79 031522 20.0N 119-3E PCN 1 Ouse as RPMK 
80 012215 2n.0N 110.0E PON é OMsea7 Potw 
. Bi 012216 2061N 199.9E PCN? OMSe37 RKSO 
62 020322 2047N 109.6E PCN 1 OMsPys ROON 
83 020322 2066 109.5E PCN 1 TSe0/5e0-74065722NRS = OMSPIAS RPMK 
66 021057 21.5N 1NA.6E Pon 1 Ouse ar RKSO 
65 021057 21.6N 19A,5E PCN 1 OmsPa7 Gia 
66 021336 21.2N 1nk.GE PCN 2 Dusean RPMK 
. 87 021606 21.3N 107.7E FCN I Osh aS RKSO 
BB 02150% 21,5N 197,6E Pcw 3 OusPas RPEMK 
89 072338 2166N 1NK.9E PON 1 1T300/4e0-7W2e0720HRS = OMSHIT =EYE ALMOST GONF RPMK 
90 030036 21.6N 194.4€ PCN © T1e07160 OMshan INIT 04S ROON 


FIA 
NUe 


wee E~TV OUR 


fin 
NUe 


Time 
in 


242200 
220139 
2sudl> 
251551 
251990 
252hlo 
2ou200 
25530 
271100 
2ridio 
29u305 
28usl> 
261395 
2aci2o 
290351 
29us3> 
29u4e8 


Tht 
‘7 


261700 
202330 
erua7> 
e7oisy 
eTu2ko 
2to23v 
2To3sho 
270330 
270930 
e7oshu 
270535 
2Tvd3u 
2rolhe 
erotay 
27os10 
270830 
2Todhy 
2rioiy 
étiosy 
274100 
eri2lo 
271235 
éryslo 
27yely 
eri svg 
271300 
eTelou 
272300 
280300 


erm 
POSTTION 


1?,1N 
12,26 
12,2N 
12,9" 
12.3N 
32.0% 
12,2N 
1a,w 
14.2 
14.5% 
35.26 
15.36 
16, 3N 
is,en 
16,6N 
14.8 
17.0N 


Pex 


VV1.3E 
130 -9E 
19003E 
VRE 
127. 7E 
127.3€ 
V2K.E 
12402E 
d2nesE 
119.5€ 
Vd7.7E 
Vi7.4E 
trS.7E 
VISE 
114,0€ 
1)4.3€ 
114,08 


POSTTION 


Ldeae 
Ldees 
23650 
Ades 
13,5 
L306 
Leb 
deen 
L3een 
L304n 
bieTw 
L4ee1N 
t4.an 
leo" 
Leen 
doen 


1369" 


123.4€ 
122.9€ 
122.4E 
122.98 
122,2€ 
122-3€ 
122.08 
121.9 
v21.7€ 
121.8€ 
121.e& 
121 -3€ 
rer.te 
12) -0€ 
yarelé 
y2yot€ 
yayele 
120,8€ 
120-7€ 
119, 8E 
120.3£ 
120.4%€ 
120.3€ 
y20-t€ 
119.5€ 
119.7E 
118,9€ 
118.3€ 
117.4E 


Fut 
ov 


Toome 
Toome 
Toous 
Toome 
Toome 
Toome 
Tooms 
Toown 
Tooms 
Toomes 
Toome 
Toome 
Tooms 
Toome 
Toome 
Toome 
Toome 


Havar 


LAND 
LAND 
LAND 
LANO 
LAND 
LAND 
LAND 
LAND 
LANO 
LANO 
LAND 
LAND 
LAND 
LAND 
LANO 
LAND 
LANO 
LAND 
LANO 
LANO 
LAND 
LAND 
LAND 
LAND 
LAND 
LAND 
LAND 
LANO 
LANO 


“IN 
nor 


yhos 
wos 
Oo? 
wo 
2045 
wes 
we) 
yold 
2965 
2906 


2935 
2825 
7815 
7ei2 
tty 
Toe 


accny 


PUR 
P 90K 
POUR 
POUR 
POUR 
PHOK 
Pour 
POR 
Pour 


Falk 
Falk 
Faikk 
Falk 
Falk 
Falk 


POUR 
POOR 
PouR 
PoOR 


oes 
MsLP 


10S 


loo2 


992 
965 


983 
969 
969 
968 


963 


€ve 
SHaPE 


CIRCUL 
CrRcur 
CIRCUL 
CIrRCUL 
CrRCUL 
CIRCUL 


CIRCUL 
Crrcul 
CIRCUL 
CrRCUL 


atacearr FLKES 


ak-SFCo8ND 

VEL /aARG/ANG 
25 340 «$0 
275 3400 «650 
10 130 «(35 
35 290 «630 
30 120 «630 
65 100 30 
50 ° 
50 120 «6460 
$5 090 30 
70 350 «690 


Aa 
ar 
aad 
az 
rey 
aa 


Aa 
AR 
Aa 
AR 


ey 
ol 


RAAW FIRES 


ia 
an 


Pi 
oe 
274 
23 
29 
ww 


ve 
36 
a6 
3 


Mat-FLT=LVL-ann | aACcRY Eve EYE ORIEN- Eve TEM? tc) “Sy 
DIM/VEL/ GRO ING NAVsMET ornare plamsfattom Outs IN/ 2e7gS? WO, 
oso 30 380 6h 85 10 12 ol2 8 1 
oan 37 380 60 ebb hi 1 
avo 20 130 18 % s ub ef 3° 9 t 
1yo 50 vod {60 4 te ele ¢7 2 
Van 33-250 60 et2°¢?r 2 
o7o 38 290 120) «5 10 e128 2 
21a 40 130 bn ene *hy 3 
lao 63 OVO en 2 3 *10 ¢13 ¢io 3 
ono 72 340 60 ole #1? * 
Joo 62 1¥® In s 45 783 o1S et * 
5 
leq 57 2e0 60 72 12 015 ¢ 9 5 
130 74 G20 48 lo & ELLIPTICAL $9 20 360 e1e 15 oh? 6 
a0 62 100 So 7 % EbLIPIICAL Sq 20 360 e896 35 *)) 6 
370 7% O90 3 36 CIRCYLAR 30 e12 015° 9 7 
ono 82 320 60 S$ 6 «16 ¢ 9 7 
tao 687 CFU 3m 1S 38) ELLIPTICAL Sp 80 6340 et2 o1T oO A 7? 
wanve-COVE wader sltf 
aSwak Torr COMMENTS Posttrov wad NO. 
PHOBAHLE EYE NOT WELL DEFINED 21.4" 
PSuL CENTER 15.2" 
pouss S3eke 146.48 
PSeu CENIEN 15.en 
Poul CENTER 15,en 
PSol CENTER 15.26 
PSBL CFNIER 15.2n 
Psol CFNIER 1S.en 
PSol CENTER 15,en 
PSBL CENIER 15,e" 
PseL CRNTEH 15,e" 
PSwL CENTER 15.2" 
Evt NEG WALL LLO 15,2" 
Evt NEG watt CLO 15.2" 
Eve APRNI WALL CLU FRMG — QUAD 15.2" 
Eve NEG wALL CLO tS.en 
Eve NEG MALL CLD 15.en 
Eve NEG MALL CLO 19,26 
Eve NeG WALK CLO 15,2" 
po204 44444 16,3" 
Evt APPEARS TU BE REORGANIZING 15.en 
Eyt APPEARS TV BE REORGANIZING 1S,en 
Eve BCMG INDISTINCT put TU MTNS) = 15,2N 
PSHL EYE NEG #AL_ CLO 25.2" 
atts SStSS 16,36 
ast/t (1414 10 DER SPRL OVERLAY 16.5% 
BI WN 16,3" 
aoss/ o2tie lo DEG SPRL OVERLAY 16,3N 
a5/// 52709 = 15 DEG SPRL OVERLAY 16,3" 


146 


- 
Ct E~evu ene 


-- 
= 


ee 


Timgt 
(2 


2acees 
2ovves 
201105 
202205 
300035 
souers 
soloea 
JoLaoS 
3o20d3 
3020d6 
Jo2ies 
O1vdls 
OV0edS 
Opodo 
VLieoy 
OL2dse 
OLedde 
Oreriae 
20180 
Op0rls 
O20a15 
Olols 
Orisee 
220s 
022015 
o2eils 
os0122 
O3u896 
o309S6 
Oreee 
OV1 955 
Ogless 
032056 
Oa0l0s 
00936 
Oel3es 
Oeleds 
002305 


Time 
(» 


douers 
Jou 3de 
010156 
010330 
OV ess 
Oruser 
o7ises 
030050 
owt 
oviess 
Osiees 
Orso) 


Fre 
POST TION 


14, ON 184,08 
LO, TN 1S9,98 
20,0N 189, 3E 
LYON 189,2E 
L9,ON TSP.9E 
TV, 8N TST, 2€ 
19,aN 182,98 
20,1N 181,08 
21.9N 159098 
21.5N TSN. SE 
QL WW TSTLSE 
21.8N 187.48 
21, 9N 1867, 0€ 
24,5~ 151. 9E 
23,8N 181. BE 
2e.om RO. dE 
24,0N 1860.4€ 
24, Th, 7E 
25,2N 100.8€ 
26.1N LSOLLE 
26.5N 190.88 
25.8N 180.28 
27 en 180658 
2A. IN 180.4E 
2AM 180,68 
2A, 2N 180,0€ 
29,5N ISLE 
SL e?N 1SPL7E 
JLASN 182.8€ 
DP .aN THILOE 
35.0N 
34,9N 
3S,6N 
36,4N 
JO, aN 
41.5" 
42,1" 
42,2N 


Fix 
POSITION 


1a, 
1a,4N 
21,8N 
2P,1N 
2y,an 
25,5" 


Vh2.S€ 
182.6€ 
187. 5€ 
18?,5€ 


accey 


PCN 
PCN 
Pow 
PON 
PON 
PON 
PCN 
PeN 
Pon 
PCN 
PCN 
PON 
Pew 
PON 
PON 
PON 
PCN 
PON 
PCN 
PCN 
ec’ 
PCN 
PON 
PON 
PCN 
PCN 
Pon 
PCN 
Pon 
PON 
PCN 
PCN 
PCN 
PON 
PON 
Pen 
Pon 
PCN 


PPP Pee Fe FFT H PS OSTA SFOS SES E*PPFASGFESASSSOS 


eur 
Lv 


1Soort 


Toone 
Toome 
Tooms 
Toone 
Toome 
Toome 
Toome 
Toome 
Toomn 
Toome 
Toowe 


TYPHOON MANE 


earcic rte wanes 


OVO@aK CODE 


T0600 7000 


TheS71oS 4016S 72OHRE 


T2eS7P0S ZOD. 072 9NRE 


TIS73S 7016072 0HRE 
TheO7160 


TIDY DDS OZZAHMRE 
T3079S SHOeSLROHRE 


TRiO7300 Wd. O72OHRE 
Ves87268 


Sal 


Ouse an 
Omae an 
DugP as 
Ome an 
Ouse as 
Omqp a? 
Ouse es 
Omega as 
Ousea? 
Ousear 
Omar aa 
Owseas 
Ouseal 
Omge an 
Owgoas 
Owseyr 
Omuspal 
Dwar rr 
Osean 
Ousear 
Ouspar 
Ouapaa 
Ouse es 
Ougvar 
Owsear 
Omar as 
Omgpas 
Dusear 
Omar an 
Due es 
Omaear 
Omara? 
Omaran 
dusew 
OMSP 

Omeean 
Owspar 
Omseas 


Coaments 


INLt as 
cl uP 
cl uP 


BASEU OW CENTER COO 


BASED IW ExTHaP CusTCu LINES 
ci uP 


INLt Jes 


Cl pave 


Cl vdew 


INIT Qs 


NO CONVECTION 

CONVECTION NORTH OF STORM 
WELL ORFINED SC BANDING 
WELL JEFINED SC BANDING 


aracrart FIXES 


MIN QBS MQK=SFCoWNO MaxeFUT@LvLeeNn acceY tve €VE ORTENS 
MOT MSLP VEL ARG/ANG DIN/VEL/ORGSANG Navemel srare otamsTation 
30 180 80 2am 27f 100 38 a 
y0ds6 9S 180 060 aan 22190 an 8 2 
1030 35 050 30 190 63 030 30 
Woy 35 260 30) fo 90 200 ele Ot 
avor ven 38100 28 bo? 
290, 65 060 18 oan $4 330 Qe 4 7 
use oP) aro $0 100 28 6 9 CARCHLAR ohn 
ater 65.130 98 2790 70 150 20 
atts $0 060 55 Ian 65 000 30 : 2 
ely ano 
ree ire 
Tes ond Ano $8 310 RH eH ERA TPTICAL 40 40) 180 


ve TE ce 
wets IN4 Jesast 


od 02S 028 BS 
ei) 


ou 
et? 
one 


~~ ov een 


FIA 
NUe 


et 
SUEVRK CEH TUE ENE 


-——= 
<onm 


HUE SELL LEANRAN AR ARE 
MEST U PERK CHENG OU REE 


ee 
a 


ere 
een 


reer 
g~ou 


0” 
Su 
Ss! 


ve enme 


Time 
‘7 


OS5e205 
Ooides 
Ood 327 
Ori2vy 
OTiess 
ore2v0 
ore3ho 
oe1oe) 
Owloe, 
Osrlde 
uBio 
On214, 
one2>2 
v90239 
Oguesy 
vsiode 
abiss 
O91>%) 
09129) 
O92 303 
092303 
1Ou0Id 
lovosy 
lolse2 
101323 
loeess 
lodges 3 
102359 
102339 
lyu2e3 
1223 
}yusds 
driles 
112%) 
114305 
114905 
lye2es 
392223 
llé2e3 
12u347 
124105 
22hhdo 
1a1seo 
122206 
ladjee 
le2jee 
130329 
33032) 
131005 
131045 
131207 
13161) 
132326 
Tgu3lk 
Teusit 
30033) 
191207 
341553 
161553 
161353 
192307 
151148 
151326 
151335 
151535 
lovols 
lgvel7 
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1. CONTRACTIONS 


ACSW 


ACCRY 
ACFT 


AITREP 


ANT 
ApT 


ARWO 


ATT 


CLD 


CNTR 
CONF 
DEG 
DIAM 
DIR 


DMSP 


ELEV 
FLT 


GOES 


HATRACK 


HGT 
HPAC 
HU 
HR 
HVY 
ICAO 


IR 


Aircraft Control and Warring 
System 


Accuracy 
Aircraft 


Aircraft Weather Report (s) 
(Commercial and Military) 


Antenna 
Automatic Picture Transmission 


Aerial Reconnaissance Weather 
Officer 


Attenuation 

Average 

Automated Weather Network 
Bearing 

Central Dense Overcast 
Current Intensity 
Cloud 

Closed 

Center 

Confidence (number) 
Degree (s) 

Diameter 

Direction 


Defense Meteorological Satellite 
Program 


Elevation 
Flight 


Geostationary Operational 
Environmental Satellite 


Hurricane and Typhoon Tracking 
(numerical forecast) 


Height 

Mean of XTRP and Climatology 
Hurricane 

Hour (s) 

Heavy 


International Civil Aviation 
Organization 


Infrared 


Kilometer (s) 


164 


SFC 


SLP (MSLP) 


SMS 


SPOL 
SRP 
STNRY 


Knot (s) 

Low Level Circulation Center 
Level 

Meter (s) 

Meters per Second 

Maximum 

Millibar(s) 

Meteorological 

Minimum 

Modified Hatrack 

Mission 

Navigational 

Naval Environmental Data Network 


Naval Environmental Display 
Station 


National Environmental Satellite 
Service 


Near Equatorial Trough 
Nautical Mile(s) 


National Oceanic and Atmospheric 
Administration 


Naval Telecommunications Center 
Observation (s) 
Position Code Number 
Possible 

Partly 

Quadrant 

Radar Observation 
Reconnaissance 

Range 

Rapid 

Satellite 

Surface 


Sea Level Pressure (Minimum Sea 
Level Pressure) 


Synchronous Meteorological 
Satellite 


Spiral Overlay 
Selective Reconnaissance Program 


Stationary 


st Super Typhoon 


Tc Tropical Cyclone 

TCARC Tropical Cyclone Aircraft Recon- 
naissance Coordinator 

TCM Tropical Cyclone Model 

TD Tropical Depression 

TIROS Television Infrared Observation 
Satellite 

Ts Tropical Storm 

TY Typhoon 

TUTT Tropical Upper Tropospheric 
Trough 

VEL Velocity 

VIS Visual 

VSBL Visible 


WESTPAC Western Pacific 


WMO World Meteorological Organization 
WND Wind 

WRS Weather Reconnaissance Squadron 
XTRP - Extrapolation 

v4 Zulu Time (Greenwich mean time) 


2. DEFINITIONS 


BEST TRACK - A subjectively smoothed 
path, versus a precise and very erratic fix- 
to-fix path, used to represent tropical 
cyclone movement. 


CENTER ~ The axis or pivot of a tropical 
cyclone. Usually determined by wind, tem- 
perature or pressure distribution. 


CYCLONE - A closed atmospheric circula- 
tion rotating about an area of low pressure 
(counterclockwise in the northern hemi- 
sphere). 


EPHEMERIS - Position of a body (satel- 
lite) in space as a function of time. When 
no geographical reference is available for 
gridding satellite imagery, then only 
ephemeris gridding is possible which is 
solely based on the theoretical satellite 
position and is susceptible to errors from 
satellite pitch, orbit eccentricity and the 
non-spherical earth. 


EXTRATROPICAL - A term used in warnings 
and tropical summaries to indicate that a 
eyclone has lost its "tropical" characteris~- 
tics. The term implies both poleward dis- 
placement from the tropics and the conversion 
of the cyclone's primary energy sources from 
release of latent heat of condensation to 
baroclinic processes. The term carries no 
implications as to strength or size. 


EYE - "EYE" is used to describe the cen- 
tral area of a tropical cyclone when it is 
more than half surrounded by wall cloud. 


MAXIMUM SUSTAINED WIND - Maximum surface 
wind speed averaged over a l-minute period 
of time. Peak gusts over water average 20 
to 25 percent higher than sustained wind. 


RECURVATURE ~- The turning of a tropical 
cyclone from an initial path toward the west 
of northwest to the north then northeast. 


SIGNIFICANT TROPICAL CYCLONE - A tropical 
cyclone becomes “significant” with the issu- 
ance of the first numbered warning by the 
responsible warning agency. 


SUPER TE PHDON HURRICANE - A typhoon/ 
hurricane in which the maximum sustained sur- 
face wind (l-minute mean) is 130 kt or 
greater. 


TROPICAL CYCLONE - A nonfrontal low pres- 
sure system of synoptic scale developing over 
tropical or subtropical waters and having a 
definite organized circulation. 


TROPICAL CYCLONE AIRCRAFT RECONNAISSANCE 
COORDINATOR - A representative 
designated to levy tropical cyclone aircraft 
weather reconnaissance requirements on recon- 
naissance units within a designated area of 
the PACOM and to function as coordinator be- 
tween CINCPACAF, aircraft weather reconnais- 
sance units, and the appropriate typhoon/ 
hurricane warning center. 


TROPICAL DEPRESSION - A tropical cyclone 
in which the maximum sustained surface wind 
(1-minute mean) is 33 kt or less. 


TROPICAL DISTURBANCE - A discrete system 
of apparently organized convection--generally 
100 to 300 miles in diameter--originating in 
the tropics or subtropics, having a non- 
frontal migratory character, and having main- 
tained its identity for 24 hours or more. 

It may or may not be associated with a 
detectable perturbation of the wind field. 

As such, it is the basic generic designation 
which, in successive stages of intensifica- 
tion, may be classified as a tropical depres- 
sion, tropical storm or typhoon (hurricane). 


TROPICAL STORM ~ A tropical cyclone with 
maximum sustained surface winds (l-minute 
mean) in the range of 34 to 63 kt, inclusive. 


TROPICAL UPPER TROPOSPHERIC TROUGH (TUTT) - 
"A dominant climatological system, and a 
daily synoptic feature, of the summer season 
over the tropical North Atlantic, North 
Pacific and South Pacific Oceans," from 
Sadler, James C., Feb. 1976: Tropical Cyclone 
Initiation by the Tropical Upper Tropospheric 
Trough. (NAVENVPREDRSCHFAC Technical Paper 
No. 2-76). 


TYPHOON/HURRICANE - A tropical cyclone in 
which the maximum sustained surface wind (l- 
minute mean) is 64 kt or greater. West of 
180 degrees longitude they are called ty- 
phoons and east of 180 degrees they are cal- 
led hurricanes. Foreign governments use 
these or other terms for tropical cyclones 
and may apply different intensity criteria. 


WALL CLOUD - An organized band of cumuli- 
form clouds immediately surrounding the cen- 
tral area of a tropical cyclone. The wall 
cloud may entirely enclose the eye or only 
partially surround the center. 
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